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EXECUTIVE SUMMARY

he goal of the preliminary problem of definition study on propellant-
related compounds was to assess the Ariy's responsibility for conducting
additional toxicological and environmental evaluations on these compounds,
The specific propellant~related compounds evaluated during this program were

- ethyl centralite
= diphenylamine
- diethyleneglycol dinitrate
= 2-nitrodiphenylamine
= N-nitrosodiphenylamine
- the phthalate esters (diethyl,-dibutyl-and diethylhexyl-)
' - triacetin . i
- lead salicylate -
- lead stearate e i
ot e e lgad. T@EQYCYLALE o e T
]
q;iln order to assess the Army's responsibility for conducting further studies 7
on these compounds, the civilian and military production, usage and pollution 1
of each compound were comparatively evaluated. A preliminary overview of
the toxicological and environment hazards was also made. recommendations
for each compound are summarized in Table S-1, The resultd\and recommenda-
tions are summarized below,

Ethyl Centralite

Ethyl centralite is a stabilizer used in snlid propellant formulation
in percentages from 0.02 to 6,5X. Current consumption of the chemical at N
Radford AAP is 372,000 1b/year. Discharges of ethyl centralite into the
New River ar~ estimated at 300 to 530 lb/month at current operation levels.
At full mobiiization, 1.8 million lb/year would be used by Radford AAP alone.
Discharges up to 2500 lb/month could occur. _

At the present time there are no producers of ethyl centralite in the i
United States, There is one manufacturing facility for ethyl centralite in '
the United Stares, however; it is currently not operational. The gupplies
of ethyl centralite are obtained from French or German sources,

Only one mammalian toxicity study on ethyl centralite was uncovered !
during this preliminary overview, These researchers found an intraperitoneal :
LD50 of 200 mg/kg for mice. In an aquatic toxlcity study with salmon, ethyl '
centralite was shown to be extremely toxic to aquatic life. )

i
l
Thus, ethyl centralite is a compound that 1s unique to propellant }
10 manufacturing. Since the military is one of the main formulators of pro- i
bl pellants, ethyl centralite can be considered a military unique chemical. |
Therefore, it is recommended that the Army initiate the following studies to {
further evaluate the toxicological and environmental hazards of ethyl !
centralite: !
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- a Phase 11 detailed literature evaluation

‘- analysis of sediment and biota samples from Radford AAP

- aquatic toxicity studies if the literature evaluation
reveals the need for more information

Dighehylamine

Diphenylamine is used in single base solid propellant formulations
produced by the solvent process at Radford, Sunflower, Badger and Indiana
Army Ammunition Plants (AAP). It is present in the propellants in amounts
ranging from 0.5 to 1.7%. Current use of diphenylamine at Radford AAP is
120,000 1b/vear. At full mobilization, 1,284,000 lb/vear of diphenylamine
would be formulated into propellants at Radford AAP. Estimated discharges
of diphenylamine into the New River are betwéen 1600 and 2650 1lb/month at
full mobilization. 1If all four propellant plants were utilizing this
chemical at approximately the same full mobilization rate, the Army would
need 5,136 million 1lb of diphenylamine per year,

Diphenylamine is used in the civilian community as an intermediate for
a variety of dves and as an antioxidant for rubber. 1In 1974 civilian pro-
duction of this compound was 39.9 million 1lb/vear. This production rate
will increase as the dye and rubber market grows and as planned new diphenyl-
amine production facilities become operational.

Diphenylamine is moderately toxic to mammals in acute doses. The major
problem of chronic exposure to this chemical is the presence of 4-amino-
biphenyl as an impurity. The presence of this carcinogen has overshadowed
some of the results of chronic exposure studies with diphenvlamine.

Diphenylamine is highly toxic to aquatic organisms with 48 hour LC50
ranging from 0.35 to 3.2 ppm. Microorganisms are able to produce nitrosamine
from nitrate and diphenylamine. These compounds can be further degraded.
However, their effect on the environment has not been resolved.

Diphenylamine is not a military unique chemical. The current Army use
rate of this chemical is only 0.02% of the 1974 civilian production. At
full mobilization, the Army's needs could increase to 13% of the 1974 pro-
duction. Sufficient information is not available to assess the civilian
pollution of this chemical., The pollution of this chemical resulting from
current propellant manufacture at Radford AAP is estimated at 1800 to 3000
1b/year. This uischarge is probably ~5% of that from civilian production
and use, Therefore, the Army's responsibility for further research on this
chemical is questionable. iHowever, due to the high aquatic toxicity of
diphenylamine, very low levels (12ppb) have been suggested for protection
of aquatic organisms. If this suggested level is adopted, the Army may not
be able to meet the effluent standard. Therefore, it is recommended that
the following studies be undertaken

- Sampling and analysis at Radford be performed to determine the
quantity of the compound entering the New River

Best Available Con



-~ A llterature evaluation of the fate of this chemical in the
ecosvstem and in proposed treatment facilities

- Depending on the results of the literature evaluation, experi-
mental studies on the fate of this compound may be necessary.

Diethvleneglveol Dinitrate

Diethyleneglvcol dinftrate 1s used exclusivelv as a high energy plas-
ticizer for propellants. Current U. S. production capacity is 25,000 1lb/vear.
The only Army use of this chemical in the past several vears has been three
55 gallon drums. This material was produced and used at RAAP for .ormulation
of M=37 propellant.

Due to the limited use of diethvleneglvcol dindtrate by the Army, tlis
compound should be a low prioricy for further evaluation by the Army. However,
if future plans call for large production of M=37, then a detailed evaluation
of the toxicological and environmental hazards of this compound would be
warvanted.,

d 2-Nitrodiphenvliamine

d-nitrodiphenylamine is widely used as a stabilizer in double~base
solid propellant formulations. [t is found in the formulations in concens-
trations of 0.9 te 3.0%. Radford is the only operational Army Ammunition
Plant which {s using 2-nitrodiphenvlamine. Badger and Suntlower also use
this compound when they are operational,

Curvent use rate of 2enitrodiphenylamine at Radford AAP is 26000
Ih/month, At full mobilization the Radford AAP use rate for this compound
f= 6000 - 7000 Ib/month., 1t is expected that at full mobilization the
usage of I-nitrodiphenylamine at the Badger and Sunflower AAPs would be
approximately the same as at Radford AAP. Thus a total of 252,000 1b/vear
of 2-nitrodiphenylamine could be used by the Army,

There {s only one civilian producer of J=nitrodiphenvlamine, The
civilian capacity {s estimated at =250, 000 Ib/vear., The only civilian usce
ot Z-ndtrodiphenviamine is as a chemical {ntermediate in the dve industry,
However, civilian companies that make solid rockets could purchase some of
this compound.  The extent of these purchases is unkuewn.

At currvent praduction levels, Radford utilizes V405 of the estimated
civilian production capacity of I=nitrodiphenyiamine. With three plants



at full mobilization, the Army would purchase ~100% of the estimated civilian
production capacity of this chemical., Under current operational conditions,
the Army may be one o6f the main polluters of 2-nitrodiphenylamine. The
percentage of the total 2-nitrodiphenvlamine pollution eminating from Army
propellant manufacturing is impossible to determine, due to the unavail-
ability of civilian production statistics.

Limited mammalian toxicology studies indicate 2-nitrodiphenvlamine is
not very toxic in acute doses (LD5S0 for rats = 6.15 g/kg). Limited studies
concerning the toxicity of 2-nitrodiphenvliamine to fish and invertebrates
show that this compound is highly toxic to aquatic organisms with LC50's
ranging from 1,8 to 5.6 ppm. Reaction of 2rnitrodiphenvliamine in the
environment could lead to more toxic compounds.

. Although 2-nitrodiphenvlamine is not a military unique compound, the
military is one of the major users and polluters of this chemical. Pre-

l{minary evidence indicates a high potential environmental danger from I-
nitrodiphenvlamine. It is,therefore,recommended that 2-nitrodiphenvlamine

be included in the Phase I1 detailed toxicological and environmental studies.

N=Nitrosodiphenvliamine
L]

N=-nitrosodiphenvlamine is not used by the Army in its munitions pro-
duction, This compound is formed in solid propellants as a result of the
reaction of diphenvlamine with NO. The NO is produced from the degradation
of nitrate ester explosives in the propellant. N-nitrosodiphenvlamine is
present in the effluents from propellant manufacture. Maximum discharges
of this compound at full mobilization are estimated to be 360-600 lb/vear.
However, it could be formed in the environmemt by the action of micro-
organisms. Studies have indicated that Ne~nitrosamine can be formed micro-
bially from diphenvlamine and nitrate.

N-nitrosodiphenvlamine is produced commercially by four companies. 1ts
only use is as a vulcanization retarder for rubber. However, N-nitrosodi-
phenvlamine is being replaced by steroid-type retarvders by the rubber industry,

The toxicity of N-nitrosodiphenvlamine in acute doses is low (LD530 for
rats is 5360 mg/kg). This compound has been tested for carcinogenic potency.
It has been found to be non-~carcinogenic. The aquatic toxicity of this
compound is unknown.

From the information evaluated in this study it is concluded that
N-nitrosdiphenvliamine is not a military unique chemical. Any potential
effects of this compound on the aquatic ecosvstem would be overshadowed by
those of diphenvlamine. Therefore, N-nitrosodiphenvlamine should be a low
priority for further study by the Armv,

ot
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The Phthalate Esters

Diethyl-,dibutyl-and diethylhexyl phthalate are used as plasticizers
in the manufacture of solid propellants at Radford, Badger, Sunflower and
Indiana Army Ammunition Plants (AAP)., Currently only Radford and Indiana
are operational. Of the phthalate esters, dibutyl phthalate is the largest
volume propellant additive.

At current production rates, Radford uses 344,000 lb/year of this
compound, primarily for the M=1 formulation. At full mobilization, 2.5
million lb/year of dibutvl phthalate would be needed by Radford AAP alone.
Estimated discharges of dibutyl phthalate to the New River at full mobil-
ization are 700 to 2150 lb/month. '

Diethyl phthalate 1# used exclusively in the N=5 and M-8 propellant
formulations. Current use rate of diethyl phthalate is 228,000 1b/year.
Radford is currently operating at full production capacity of these pro-
pellants., Discharge of diethyl phthalate to the New River are estimated at
63 to 380 lb/month.

Diethylhexyl phthalate is seldom used by Radford. Only 22,000 1b uof
this chemical has been formulated into propellants over the last 10 years.

The phthalate esters are widely used thrqughout the civilian community.
Over 1,043 million lb of phthalate esters werz produced in the United States
in 1976. The 1976 production of the individual esters was

- diethylhexyl phthalate 296.7 million 1b
- dibutyl phthalate 13.7 million 1b
- diethyl phthalate 16.1 million 1b

Fach of these esters is used as a plasticizer for different materials.
Diethylhexyl phthalate is used in PVC plastics, dibutyl phthalate in nitro-

cellulose and polvvinvl acetate emulsions and diethyl phthalate in cellulose
acetate plastics,

The acute toxicity of the phthalate esters to mammals is low with
LD50's ranging from 1 to 8 g/kg. Some subtle biochemical changes are
observed in mammals exposed to phthalate esters over long periods of time.
The esters have been shown to be noncarcinogenic. However, they have
mutagenic and teratogenic potential at high doses.

The phthalate esters are wide spread thorughout the environment. They
are found in river and ocean water, sediment and biota. Diethylhexyl
phthalate is the most abundant of the phthalate esters in the environment.
The phthalate esters are fairly toxic to aquatic organisms with a 96-hour
LC50's in the low ppm. Some bioaccumulation of these sompounds occurs,
however, they are actively metabolized by most organisms.

~-10-
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From the information evaluated during this study, it {8 concluded that
the phthalate esters are not military unique chemicals. Dibutyl phthalate
appears to be the most widely used phthalate ester by the military. At
current propellant production rate, the military use of this chemical is
only a small percentage of the civilian production. However, if all four
propellant plants were operating at full mobilization levels, military use
of dibutyl phthalate could be as high asm 73X of the 1976 civilian production
of this chemical. Dibutyl phthalate discharges would bhe as high as 4160
1b/month from Radford AAP at full mobjilization. At this discharge level,
this chemical would be toxic to aquatic life, Further evaluation of the
environmental fate of dibduty) phthalate by the Army may be warranted, How-
ever, the proposed biotreatment facility ahould adequately remove this
compound from Radford's effluenta. Thus, this chemical should be a low
priority for further study,

Diethyl phthalate is not used or discharged in amounts harmful to the
environment. It is also a relatively low use chemical in propellant manu-
factura, Based on these facts and the ease with which diethyl phthalate is
biodegraded, this chemical should be a low priority for further study.

The Army's utilization of diethylhexyl phthalate is insignificant when
compared to that of the civilian community., Therefore, diethylhexyl phthalate
should be a low priority for further study.

2 e £ 4t

Triacetin {m used as a plasticizer in solid propellant formulations.
These formulations contain 3.25 to 11.0% triacetin. At the present time
onlv Radford AAP uses triacetin. Current use rate is 43,000 1b/vear,

At full mobilization 150,000 1b/vear would be used by Radford., Sunflower
and Badger would use similar amounts at full mobilication,

Estimated losses of triacetin from current propellant manufacture are
between 180 and 540 lb/month. At full mobilization, up to 2000 lb/month
could be lost at each plant using triacetin. Since this compound is readily
soluble in water, virtually all the triacetin lost will be in the waste
streams,

Triacetin is produced in the United States by three manufacturers,
Current production capacities are estimated at 1 milliom 1b/yasar. Triacetin
has a wide variety of uses in the civilian community including a plasticizer
in cigarette filters, a solvent and carrier in phurmaceutical preparations,
a solvent and fixative in perfumes and flavors, etc. Because of the wide-
apread use of triacetin in disposable items, the civilian pollution of
triacetin is also expected to be widespread. '
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Mammals exhibit a low toxic resdponse to triacetin, However, aquatic
organisms and invertebrates are fairly sensitive to this chemical. At full
A mobilization, significant effects on the local aquatic population near
Radford, Sunflower and Badger could occur. Microorganisms should readily
degrade this compound, precluding any widespread damage to the ecosystem.

At current production levels, the Army uses only 4X of the triacetin
civilian production capacity. At full mobilization, the Army usage of this
| chemical could be as high as 45% of the civilian capacity. Although the
i Army use rate of triacetin could be high under emergency conditions, this
chemical is not a military unique compound.

The only Army problem with triscetin appears to be potential local
aquatic effects, The planned biotreatment facility at Radford should
adequately remove this compound from Radford's waste streams. From these
findings it appears that triacetin has a low priority for inclusion in the
Phase II work., If it were to be included, the study should be limited to
environmental toxicology and fate,

QT AT Sl e B T e g S

Lead Salicylate }

Lead salicylate is used ag a burning rate modifier in solvent and
solventleas double base propellants. This compound is currently only used
at Radford Army Ammunition Plant. At current production rates, 3000 lb of
lead salicylate are used at Radford AAP each month. This usage rapresents
full production capacity of the propellants employing lead salicylate in
their formulations, Losses of lead salicylate to the environment from
Radford AAP operations are eatimated at 45-150 1b/month.

Lead salicylate is manufactured by one civilian firm. Potential pro-
duction capacities for this chemical are estimated at ~1 million 1lb/year.
In the civilian market, lead salicylate is used as a stabilizer in flooring
and other vinyl compounds requiring good light stability,

Lead salicylate is toxic to mammals., It is readily absorbed through
the skin. The aquatic toxicity of this compound is unknown. However, due
to the limited solubility of lead salicylate, the aquatic toxicity is
probably low.

The absence of production statistics makes an evaluation of the military
versus civilian usage difficult. However, it is estimated that the Army
used ~1/3 - 1/2 of the lead salicylate produced by the civilian community.
The Army propellant munufacture is probably the main source of environmental
pollution of this compound. Therefore, it is recommended that lead sali-
cylate be included in the detailed Phase II toxicological and environmental ‘
evaluations.




e AR

Lead Stearate

Lead stearate is used in the bermite grains and the ROLAND propellant
as a burning rate modifier. The propellants are not currently being pro-
duced by the Army. If these propellants were produced at full capacity,
500 1b/month of lead stearate would be used at RAAP.

The civilian production of lead stearate wis 1,254,000 1b/year in 1976.
This compound is used as a general purpose and high preasure lubricant and
heat stabilizer for PVC compounds. Due to its many civiliun uses, pollution
from civilian uses of lead stearate is expected to be widespread.

Lead stearate is moderately toxic to mammals. The toxicity of this
compound to aquatic organisms is unknown. However, due to its limited
solubility, the aquatic toxicity should be low unless it 18 hydrolyzed to
free lead.

Lead stearate is not a military unique chemical. Because of the limited
use of this compound in propellant productionm, further studies by the Army
should be of low priority.

Lead Resorcylate

Lead resorcylate was developed in 1965 by NL Industries, Information
on this compound is non-existent in the literature. There are no reported
civilian uses of lead resorcylate. Thus it appears that the Army's propellant
manufacture accounts for all civilian production of this compound.

Lead resorcylate is a military unique chemical. Further studies on this
compound by the Army are recommended. These studies should include

A Phase Il detailed toxicological and environmental evaluation

- Determination of some of the physical and chemical properties
of this compound if they can not be obtained from the manufacturer

- Sampling and analysis of sediment and biota at Radford AAP to
determine the amount of accumulation

- Aquatic toxicity and bioaccumulation studies if the Phase II
study indicates the need for this research

- Mammalian skin toxicity studies.

-13-
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FOREWORD

This report details the vesults of a preliminary = 'blem definition
study on propellant related chemicals. The purpose of 1is study was to
deteimine the Army's responsibility for conducting further research on these
chemicals in order to determine their toxicological and environmental hazards
go that effluent standards can be recommended, In order .o determine the
Army's responsibility for further work on these propellant related chemicals,
the military and civilian usage and pollution of these substances were eval-
vated, 1In addition, a preliminary overview of toxicological and environmental
hazacds was conducted,

The propellant related chemicals represent 10 of the 48 chemicals eval-
uated under Phase IA of contract No, DAMD17-77=C=7057. Theea chemicals are
grouped in four categories

explosives related chemicsls
propellant relatad chemicals
pyrotechnics

primars and tracers

Each category is a major report. Section I of each report is an overview of
the military processes which use each chemical and the pollution resulting
from the use of these chemicals. The problem definition study reports on
each chemical are separable sections of these four raports.

In addition a general methodology report was also prepared. This report

describes the search strategy and evaluation methodology utilized for this
study.

-15=-
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I. GENERAL OVERVIEW OF PROPELLANT MANUFACTURE, LOADING AND DISPOSAL

Chemical additives are used in conjunction with primary explosives in
the manufacture of propellants. These additives are predominantly used as
stabilizers, modifiers or plaasticizers. Some function as £lash suppressants
or barrel coolants. Specific compounde of this type which are of concern in
this study include:

Lthyl centralite
Diphenylamine
Disthyleneglycol dinitrate
2-nitrodiphenylamine
N-nitrosodiphenylamine
Phthalate esters
Triacetin

Lead salicylate

Lead stearate

Lead reaorcylate
Barium nitrate

N-nitrosodiphenylamine is not added tc the propellant formulations, but
appears as a degradation product of diphenylamine.

A. Propellant Manufacture

Propellants are produced by mixing primary explosives such as nitro-
cellulose, nitroglycerin or nitroguanidine with additives such as those
listed above. Propellants are characterized as single base, double base or
composite (triple base or multibase). Single base propellants contain only
one primary explosive, nitrocellulose. Double base propellants contain nitro-
glycerin as well as nitrocelluloss. Composite propellants contain these two
primary explosives and at least one additional explosive such as nitroguani-
dine or HMX. Propallants are manufactured by either a solvent process or a
solventless process.

l. Manufacturing Facilities .
Propellants are currently produced in only two facilities, Radford
Army Ammunition Plunt (RAAP) and Indiana Arwmy Ammunition Plant (InAAP). Twc
other facilities, Badger AAP (BAAP) and Sunflower AAP (SAAP), are capable of
producing propellants; but the plants are inactive. Table I-1 lists the
propellant~related functione of these plants.




Table I-1, Propellant Manufacturing Facilities.

Facility Function
Badger AAP singls base propellants
Baraboo, Wisconsin ball powdar

solventless rocket grains
Radford AAP single base propallants
Radford, Virginia double base propellants

composita propsllants

LAP* missile propellants

LAP%* large rockat propellants
LAP* cannon propellants

Sunflower AAP single bass propellants

Lawrence, Kansas double base propellants
composite propellants
solventless rocket grains

Indiana AAP propellant charges
Charlestown, Indiana LAP* propellant charges

*LAP = load, Assenbly and Pack

The Radford AAP has capacity for production of sbout 12 million 1b/
month of propellants. This plant is currently operating at about 20% of
capacity. During Decembesr 1977, the total production of propellants was
about 2.6 million ib. This figure includes about 870,000 lb of single base
propellants (solvant process), predominantly the M~1 formulation. Also pro-
duced were 350,000 1b of double basa propellants by the solvent process and
240,000 1b by the solventless process. The production of multibase propel-
lants was approximately 1,140,000 1b, ail by the solvent process.

These propellants were produced in the "C" propsllant line and the
No. 4 Roll Powder Area. The location of these areas is shown on the map
(figure I-1), The Roll Powder plant was used to produce double base propel-
lants by the solventless process. All other propellants were produced in
the "C" line facilities. As may ba seen in Figure I-1, the "C" line con~-
sists of a nitrating area, cotton area, green powder plant, sclvent recovery
area and the air and water drying area.

2. Compounds and Formulations. Used
The additive compounds listed eariier, as wall ap others not con-
sidered in this study, are used in varicus propellant formulations. Table

I-2 lists the facilities which use thass various modifiera, stabilizers and
plasticizers.
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Table I-2, Army Ammunition Plants Which Use
the Various Propellant Additives.

;; : Additive Facility

i BAAP RAAY SAAP InAAP

I8 Ethyl centralite

A Diphenylamine

k.| Disthyleneglycol dinicrate
2=nitrodiphanylanine
N-nitrosodiphenylamine
Diethyl phthalate
Dibutyl phthalate
2-athylhaxyl phthalete
Triacetin

Lead salicylate

V.. Lead stearate

1, Lead resorcylate

- 4H Barium nitrate

X x

®
%
o

® X XK
M K AKX

xRN KX

MK X
9 9 5 3 5 5 M M XK X KX N X

g Over 40 different propellant formulations are produced. Their con=
A8 stituents and compositions ars given in Table I-=3. Almoat all of these pro-
} pellants include at least one of the additives of concern to this study in A
1 their formulations. The ranges of percentages used in the various propellants : ]
1. are listed in Table IVw4,

!

Table 1=4, Percentage of Additives in Propellant Formulations.

Additive _ Percentage
b\l Ethyl centralite 0.02-6.3
5 Diphenylamine 0.5=-1.7 \
Diethyleneglycol dinitrate "
3 2-nitrodiphenylamine 0.9-2,5
3 Diethyl phthalate 2.5-10.5 ‘
R Dibutyl phthalate 2.0-6.0 !
; Triacetin 3,3-11.0 :
: Lead salicvlate 2,8-3.3 ’
q Lead stearats 0.1 i
5 Lead remorcylate 2.,8=3,3 ?
. Barium nitrate 0.6-1.0 |

*Total of 3-55 gallon drums used one time only at RAAP to produce |
3 M-37 propellant
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3. Propellant Manufacturing Procesaes
a, Solvent Process

The majority of aingle base, double base and composite propel-
lants are manufactured by the solvent process. This procesa involves numerous
operations as shown in Figure I-2, The figure describes the manufacture of a
single base propellant. However, the solvent process for producing double
bagse or composite propellants is aimilar,

In the first step, nitrocellulose, produced from nitration of
cotton lintere or wood pulp, is dried by wringing (Military Explosives, 1967).
The nitrocellulose, containing ~28% woisture, is then dehydrated by the addi-
tion of 95% ethanol. After dehydration, pressure is applied to the material
to yvield a block containing ~75% nitrocellulose and V25% of 90X ethanol,

The wet block 1a broken up and transferred to a mixer. Ether
is added to the extent of about 2/3 of the weight of dry nitrocellulose.
Additives such as diphenylamine and dibutyl phthalate are genarally mixed with
the ether before it is added. After the ether is added, any other propellant
modifiers are added. The ingredients are mixed for about one hour.

The propellant mixture is pressed at about 3000 psi to form
a block. The propellant is then squeszed through a series of screens and per-
forated plates., It emerges from this step in a form resembling macaroni.
The material is again pressed into block form, then extruded through dies
form cords of the desired final diameter. The cords are cut into pleces of
predetermined length. This process is called graining.

The remaining solvents are then recovered. The grains are
water dried by placing them in warm water. This reduces the solvent content
to 1 to 5X. Air drying then removes the surface moisturs.

Finally, the propellant is screened to remove dust and grain
clusters. It ia sometimes glazed or coated with graphite. The batches of
propellanta are blended to insure uniformity of the lot, then packed for ship-
ping to the loading operations,

b. Solventless Process

In the solventless procesa (Patterson st al., 1976), a premix
is made from nitrocellulose and nitroglycerin plus the desired additives. The
premix is dispersed in water as a carrier. Most of the water is removed by
centrifuging, The paste thus formed is air dried, then mixed with any other
ingredients in a tumble blender.

The final mix is passed through roll calenders to form a homo-
geneous sheet. Several sheets are combined and rerolled to vield a single
sheet of the desired thickness. The sheets are cut into strips. The strips
are rolled up and fed into a finishing presse. There is minimal shrinkage of
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SANE Kinlsbreliil

the propellant strands during final processing as it contains no volatile
naterial.

c. Ball Powder

Ball powder is a single base propellant produced by the solvent
process. However, the propellant is formed into spheres of 0,030 inches dia-
meter or less. The proceasing steps are significantly different from conven-
tional propellant manufacturing as described abovs.

Figure I=3 is a schematic diagram of the ball powder process
(Patterson et al., 1976)., Single bass propellant is ground in a water
slurry. It ie extracted with benzene, then dissolved in athyl acetate. The
ethyl acetate forms a separate phase on top of the slurry water. The two
phases are enmulsified by agitation. Collagen is added to prevent coalescence
of the globules, Sodium gulfate is added to draw water out of the globules.
The temperature is raised to 69°C causing the ethyl acetate solvent to boil

off. The globules slowly harden into firm spheres suspended in ths water
phase.

The spheres are coatad with DNT to retard their initial burning
rate. The sphares, still in water slurry, are passad through rollers to make
them slightly elliptical, They are then filtered and dried. The final pro-

cessing staps are to glaze the spheres with a thin coating of graphits,
screen chem and package them for shipment,

d. Current Propellant Production at Radford AAP

During December 1977, the following propellants were produced

at RAAP:
Propellant Type Quantity, thousand lb
Benite Single-solvent 25
M=1 Single-solvent 817
M=10 Single-solvent 29
ARP Double=solvent 100
M=7 Double-solvent 6
M=26 Double=-solvent 242
M-8 Double-solventlass 32
NOSIH=-AM-2 Double-solventless 44
M=36 Double~solventlass 27
N=5§ Double-solventless 134
M=30 Multibase-solvent 683
M=-30A2 Multibase-solvant 453

0f these propellants, the M-8, M-36, N-5, ARP and NOSIH-AM-2 ware produced at
essentially full mobilization rates. The others rangad from 10 to 20 parcent
of full mobilization capacity.
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.. Current Use Rates of Chemical Additives

At current (December 1977) production rates, RAAP consumes the
following amounts of the listed additives:

Additive Current use rate, 1lb/mo.
Barium nitrate 5,200
Ecthyl centralite 31,226
Diphenylamine 10,000
2¢-nitrodiphenylamine 4,600
Diethyl phthalats 19,000
Dibutyl phthalate 28,000
Triacetin 5,900
Lead salicylate 3,000
Lead resorcylate 670
Lead steaarate 0

f. Historic Production and Chemical Usage at Radford AAP

Table I-5 lists the production rates for each propellant manu-
factured at Radford AAP during tha years 1968-1977. The annual purchases of
additive chemicals during this period are shown in Table I-6.

4, Effluent Streams

Process watar is used for all propellant production processes at
RAAP. Much of this water is recycled, but some leaves the process and
ultimately enters the New Rivar. Current (December 1977) propellant opera-
tiong,.produce affluents which enter the river at points 4, 5, 6, 8, 9 and 10
on Figure I~1, Waste streams associated with propallant production are des-
cribed below: (Cairns and Dickson, 1971); Smith and Dickensen, 1972)

1. C-line wasta wvater (Figure I-1, point 4)

Thia stream contains wastes from the nitroglycerin and
nitrocotton production areas, solvent recovery arsas, watar
dry buildings and solvents area.

2. General purpose sewer, 48 in. (Figure I-1, point 6)

This source collects effluents from the green powder
production areas, solvent recovery areas and the watar dry
buildings.

3. Solvent recovery (FigureI-l, point 5)
Discharges from the green powder production areas,

solvent recovery areas and water dry arsas are contained
in this waate stream.

41~
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4, Rolled powder area wastes (Figure I-1, points 8, 9 and 10) J

This stream contains water from rolled powder blender
cleaning operatiomns, !

In addition to the process water streams, some effluents Jderive ‘
from the use of wet scrubbers. These scrubbers are used to collect dust /
from grinding, weighing and sieving operations. Since virtually all com- P l
ponents of propellants undergo these preparatory operations, these scrubbers ’
are a major source for entry of additives into the environment. "

Effluents from washdowns and storm runoff also enter cthe New River. b
4 These efflucnts may contain substantial amounts of propellant ingredients. :
Entry of chemicals into the environment from these sources 1is sporadic and ! |
the quantities indeterminate. . ,

There has never been a complete quantirative determination of the }
amount of additives in the RAAP effluent. An analvsis of "water=dry" dis- -
charges indica:ed losses of 1-2 1lb/day of diphenylamine and 0.5-1.5 1lb/day of
dibutyl phthalate (Glennon, 1977). However, other svurces exist which were {
not measured, so the above number may represent as little as 10-20% of the

total of the compounds entering the environment from RAAP operations. A com-

plete analysis of the effluents would be useful, but would not determine the

effecte of "surges" from washdowns or storms.

PO TIPEEE

a, Effluents from Propellant Production

The effluent quantities from propellant processing operations !
were recorded for the time period 1973-74 (Smith and Dickenson, 1974). These
figures are presented in Table I-7,

i Pl bt e e o s B e Sy e TR R T L2 e

The following quantities of dissolved solids appear in efflu-
ents based upon the figures in Table I-7.

Solvent Process

|
i
|
i
E
?
ii

Operation Effluent, K gpd Dissolved Solids in Effluent |
(1h/day) ‘
Cast Propellants 30.2 223
Single Base, A, B, C lines 86 215
C~line, Hi_h Energy 74 383
Solvent Recuvvery 239 211
Propellant Finishing 230 173
Solvents Rectification 148 1513
807.2 2718
S lventless Process
Operation Effluent, K gpd Dissolved Solids in Effluent
(1b/day)
All Operations 167 476
\
=44=
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Table 1-7. Effluents from Propellant Processing Operations

Operation

Cast Propellant Area

TOW Machinery
Benite Saw Houses
Tray Wash

Single Bage Propellant Arcas

A-line, East 1/2
A-line, West 1/2
Bwline
C-line

Effluent Quantity, gpd

(Smith and Dilckenson, 1974).

24,000
6,000
200

18,000
10,000
28,000
30,000

Double and Multibase Propellants

C-1line, High Energy

Solvent Recovery Area

Water Dry
Sorting
Solvent Recovery

Propellant Finishing Area
Coat and Glaze

Solventless Propellant Areas

BElender

Process Buildings,
Cleanup

Process Buildings,
Normal Operations

RAP Machines

Solvent Rectificatlon Area

Chem Mix
Ether Still
Alcohol Rectification

74,000

15,000
210,000
14,000

230,000

43,000
7,200

85,000
30,000

17,000
66,000
65,000

45—

Avp Dissolved Solids, mg/f

210
3592
669

188 -8
113 | ]
294 ¢
437

620

152
102
111

90

76
1582

462
96

134
2716




ey e

b 3

Fr» ERadier Yot
i
;

Production rates from Oct 1973 - Sept 1974 were as follows
(Glennon, 1977):

Solvent Proéenn. Single base 75.5 million 1b
Solvant Process, Double and Multibase 2.13 million 1b
Solventleas Process 3.25 million 1b

Thus, diasolved solids in effluents from all solvent process operations
averaged 1.3% of the amount produced. For the solventlass process, dissolved
solids in effluents represented 5.3% of the amount produced. For double and
multibase propellants only (solvent process), wastes in effluents represented
6.6X of the propellants produced.

Aseuming that each additive appeared us dissolved solids in the
effluents in proportion ta its concentration iu the formulation, the follow-
ing estimates of losses were deturmined:

Estimated lLossas in Effluents, 1973=1974
Additive 1b/day 1b/month

Ethyl centralite 20=40 600~1200
Diphenylamine 15«25 450750
2=nitrodiphenylamine 9-18 270-540
Diethyl phthalate 15-25 430-750
Dibutyl phthalate 40=-80 1200-2400
Triacetin 20-%0 600-1500
Lead salicylate 5=10 150=300
Lead steavate 1-2 30-60
Lead vesorcylate 5=-10 150-300
Batium nitrate 1=3 30-90

These lossen represent propellant processing operations only. Additonal
losses from chemical preparation operationa are not included.

b, Radford AAP Discharges into New River

1n 197), Radford AAP dimcharged 50 mgd to the New River
(Rosenblatt ¢t al., 1973), Of this amount, 3.4 mgd was effluent from aingle
base propellant operntions in A=line and B-line. At this time, single base
propsllant production by the solvent process was at about 30X of capacity, or
about 50 million 1lb/year. The discharge from single base propellant opera-
tions was estimated to contain 2,800 lb/day of nitrocellulose (Rosenblatt
et al., 1973),

The additives used in single base propellants include ethyl
centralite, diphanylamine and dibutyl phthalate. Based upon the estimated
discharge of nitrocellulose (2,800 1b/day), the following amounts of these
additives would he expected to be present in the effluent.

Ethyl centralite 3-12 1b/day

Diphenvlamine 30-3% 1b/day

Dibutyl phthalate 90150 ib/day
wly =
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The New River carries a mean flow of 2,380 million gallons per
day (mgd), The lowest 7=day average flow has baen calculated to be 620 mgd,
with a frequency of occurrence of once every 10 years (Glennon, 1977). The
record low daily flow was recorded to he 320 mgd (Rosanblatt ¢t al., 1973).
It is knowm that at Radford AAP, rapid mixing of discharges with rivar water
does not always occur. Extended umixing zones have besn found to occur with
localized high concentration of pollutants (Glemnon, 1977),

5. Current Efflusnt Treatment

Currently, each process stream is filtered. The propellant parti-
cles are collscted and burned in an open burning ground. Some waste streams,
such aa the C-line waste water, are lagooned before discharge to the river,
This lagoon provides a holding cepacity to minimize the affects of surges in
chemical content. Such surges may occur as a result of spills, washdowns,
etc.

The propellant particles collected on the filters are sssentially
insoluble in water. The additives in the propellants are also generally
sparingly soluble in water. Howaver, the possibility exists for leaching
small quantities of the additives from the propellant particles and thus
allowing them to enter the river. Most of the additives are toxic compounds
and may be of environmental concern sven in small quantities, It has bean
established that significant reductions in biological life occur in the New
River at the RAAP site (Smith and Dickensaen, 1974). The effacts dissipate
rapidly downstream of the plant, however.

6, Future Effluent Tresatment Plans

RAAP 18 currently in the process of designing or constructing im-
proved facilities for the treatment of propellant process efflusnts., The
general types of treatment are!

1. Chamical treatment facilities will be installed for removal of
inorganic salts.

2. Biological trecatment facilities are planned for vemoval of
organic propellant ingredients.

3. Carbon absorbtion is planned for removal of organics from wastes
from solvent process propallant manufacture,

4, Process water will be treated and recycled vhensver possible rather
than discharged.

5. Liquid wastes will be segragated and each treated according to
its individual needs in order to meat effluent standarda.

These facilities are being designud on the basis of general waste stream
characterictics such as:

w7
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Chemical Oxygen Demand (COD)
Biological Oxygen Demand (BOD)
Total Carbon (TC)

Total Organic Carbon (TOC)
Total Solids

Parcent Volatiles

Dissolved Solids

pH

b

In general, there have bean few analyses of the specific concentra-
tion of individual propellant aciitives. An exception is lead, which is some~
times measured quantitatively in waste streams (Randall and Ring, 1971).
Other additives such as diphenylamine, triacetin, dibutyl phthalats, diethyl
phthalate and athyl centralite have been neasured quantitatively in conjunc-
tion with pollution abatement studies (Swith and Dickensen, 1972; tbid, 1974).
However, thess or other additives are rarely, if ever, datermined in affluents
from plant operations.

Studies to characterize treatability of propellant wastes (Randall
and King, 1971; Smith and Dickensen, 1972} ¢bid, 1974) have looked into both
biological and physical/chemical methods. Soms conciusions reached in these
studies are notad below:

1, Organic componaents of waste atreams can be degraded by activated

~aludge in both batch and continuous processes. With a retention

time of 12 hours, about 90X reduction of COD and BOD was achieved
(Smith and Dickensen, 1972).

2. Physical treatment of C-line waste water resulted in removal of
about 2X of the original TOC. The processes used were sedimen-
tation (settling), filtration and air stripping (Randall and
King, 1971).

3. Activated sludge treatment of C=line waste water rasulted in 70-80%
reduction in BOD in 12 hours (Randall and King, 1971).

4. Rollsd powder area wastes appear to be toxis to activated sludge
and cannot be readily biodegraded (Randall and King, 1971).

5. Inorganic propellant ingredients can be sffectively removed from
waste waters by reverse csmosis or ion exchange (Smith and Dickensen,
1974).

6. Organic propallant ingredients can be ramoved from waste water
uaing activated carbon (Smith and Dickensen, 1974).

7.  Reverse osmoais is effective for removing higher molecular waight
organic propellant ingredients (Smith and Dickenasen, 1974).

8. Omone oxidation will decompose propallant ingredients such as
diphenylamine and dibutyi phthalate (Smith and Dickensen, 1974).




9. Laadd concentrations can be reduced to about 1 mg/l by chemical
precipitation and flocculation (Smith and Dickensen, 1974).

Current plans for efflusnt treatment at RAAP are based upon guide-
lines which specify waste quality in terms of BOD, COD, TOC, etc. Howaver,
both in biotreatment and physical/chemical treatment, it is likely that some
components of the waste will pass through essentially unchanged. These recai-
citrant compounds are oftan the most harmful from an anvironmental stand-
point. Some propallant additives are probably in this category. Thera are
alao serious questiona concerning possible biotransformation of some con-
stituents to spacies which are of even more environmental concern than the
original compounda.

In addition to thea overall reduction of COD and BOD, future efflu-
sant guidelines will require the removal of toxic chemicals from the waste
streams to below a predetarmined limit. Thus, biotreatment with activated
sludge or physical/chemical processes which do not degrade all of the pro~
pellant additives may be insufficient. A need exists for characterization
of propellant waste satreams to determine the actual concentrations of poten=-
tially harmful additive compounds. The extent to which they will be mitie-
gated in the planned treatment processes should also be determinad,

B, Propellant Loading
l. Propellant Loading Processes and Facilities

Propellants ars blends of up to twelva additives plus the basic
ingredients, nitrocellulose and nitroglycerin (Patterson et al., 1976). The
additives include metal powders, oxidirzers, stabilizers, modifiers, plasti-
cizers and burning rate catalysts. The propellants are manufactured and
processed intn shapes ranging from small pellets to cylinders several feet in
diameter and six feet or more in length at Radford, Indiana, Badger and Sun~-
flower AAPs. They are shipped from these manufacturing plants to LAP (Load,
Assembly and Pack) plants for loading. The LAP operations are accomplished
at the following plants:

Army's Longhorn AAP in Marahall, Texas

Army's Redstone Arssnal in Huntaville, Alabama
Navy's NOS Indianhead in Crane, Indiana
Navy's NIROP Magna AAP in Magna, Utah

Air Force Plant 78 in Brigham City, Utah

a. Propellant Pcllct'Londing

Propsllant pellets area also raferred to as btall powder. They
are often loaded as is for gun propsllants. 1In this prccess, cartridge cases
ara fed into an assembly machine and filled by automatic loaders. The pro-
jectile 1s sealed into the head of the cartridges, which are then boxed for
shipment.




Loading linea are relatively small operations requiring only
2-3 personnel to function. The quantity of propellant permissible each line
is in the range of several hundreds of pounds. The personnel and propellant
limitations are intendad to minimize the effect of incidents involving the
propellunts by vestricting damage to a relatively small area.

b,  Rocket Motor Grain Loading

Most double base propellants are formed into grains by hot
extrusions through dyes. These grains are cut to the desired length, then
dried and cured. They are then machined to the exact final dimensions re-
quired for thaeir use. The outer surfaces and ends are ususlly coated with a
combustion inhibitor to restrict burning to the inside surface. At motor
assembly plants, the grains are simply inserted into the motor cases. Larger
grains may be cemented in place. Smaller grains are more often simply slipped
in like batteries in a flashlight.

¢. Cast=in=-Place Rocket Motor Loading

There are two basic types of cast=in=place rocket motor grains.
These are referrad to as "plastisol" and "polymerization cured” grains. Plas~
tisol grains involve high energy propallant compositions and are used in ad~-
vanced solid motors such as requirved for ICBM's. In the casting operation, a
casting powder is poured into the rocket motor case from the nozzle end, The
case is vibrated to increase the propellant bulk density. Air is evacuated and
a liquid nitroglycerin mixtura is poursd in to fill the voids. Amsndrel in
the canter of the motor cavity is used to form a star-shaped pattern in the
grain,

Once loadad, the motor is placed in a 40°C oven for several
days. During this time, the liquid forms a uniform rubbery gel with the
casting powder. After curing is complete, the motor is cooled and the mandrel
removed., The grain end is then coated with a burning restrictor and the noz-
tle and ignition hardware installed.

In contrast to plastisol grains, the propellant ingredients and
the oxidizer of polymarization grains are pre-mixed before inssrtion into the
wotor. The fuel components including additives are mixed with a liquid wono-
mer to form a thin slurry. The oxidizer, generally ammonium perchlorate, is
ground separately to a fine powder, then transported to the final mixing area.

The fuel slurry and the oxidizer powder are mixed by slow addi-
tion of the oxidizer. Several thousand gallons are mixed at one time. All
mixing is accomplished by remote control. When the mixture is uniform, the
polymer cross-linking agent is added. The mixing apparatus is then trans-
ported to the casting site and positioned over the empty motor case. The
propellant, in the form of a thick slurry, flows into the case. When filled,
the motor is heated to cure the propellant as with the plasticol type.
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2., Vaste Streanms

LAP operations do not generate as much waste watar as manufacturing
operations, primarily because there is no process water used in loading. The
major source of waste streams is from floor washdown opsrations. Tha constite=
uents of waste streams from loading operations include:

- propellanct particles and dust
=~ dissolved propellant ingredients including additives
- metal particles and solvents from cleaning and painting operations

Another source of wastewater in suvme LAP facilities im ailr pollution control
scrubber water (Pattarson et al., 1976). Dust and particulates collected in
wet scrubbers contarinate the water. Thus, discharges fxrom air scrubbers may
contain significant quantities of propellant ingredients, both dissolved and
in solid form,

At longhorn AAP, most wastewatars ars generated by clean-up opera-
tions (USAEHA, 1972). The only major exception to this generalization is the
M~120 Area in which the mixing, processing and loading of propellants for
rocket motors takes place (USAEHA, 1972). The other areas are used primarily
for assembly operations.

3. Current Effluent Treatment at Longhorn AAP

Wastewater from the processing and loading opexations at Longhorn
AAP are collected in sumps. These sumps are pumped out on a regular basis
and the contents transported to an evaporation pond located near the open
burning area.

There is no segregation of waste strcams or any pre-treatment bafore
discharge into the pond. The pond is heavily contanminated with both solid and
dissolved propellant ingredients. Definite biologic stress has been noted in
the pond (Fox et al., 1975).

The sumps which provide the input material to the pond are carefully
watchad to see that they are emptied before overflow occurs. There are about
80 sumps, however, and overflow has occurred in some cases. These incidents
have not resulted in any measureable contamination of surface waters (USAEHA,

1970).

0f greater concern is the evaporation pond itself. The surface of
the pond covers about 2 acres. The pond has never been known to overflow.
In the past, motor case cleanout oparations at the pond site nearly filled it,
80 thess operations wers stopped. Heavy pracipitation has occurred, but
never enough to overflow the pond. However, LAAP is currently operating at
only about 10X of capacity. If full mobiliration were to occur, the pond
would not be an adequate sink for wastewaters,




The pond loses water by evaporation and percolation into the soil.
It is estimated that about 6~8 inches of propellants are present in a layer
on the pond bottom. Thus, water percolating into the soil contains any solu-
ble additives leached from the propellanta. No ground water contamination
appears to have occurred from this pond (USAEHA, 1972). However, it is also
possible that no ground water contamination waa noted because specific propel-
lant additive compounds were not monitored. !

Some propellant LAP plants, namely Air Force Plant #78 and Redstone
Arsenal, have installed dry collection systems for air cleaning. Thus, the
generation of air pollution control scrubber water is eliminated. Any par-
ticulates are removed and disposed of by burning. Such systems have been
found to be effective and should be considered for other plants (Patterson :

4, Future Effluent Treatment Plans .

Longhorn AAP is planning the construction of a new evaporation pond,
This new pond would either supplement or replace the current pond. At some .
future time, the current pond may be drainad so that the propallant layar can |
be recovaraed and destroyed. :

1‘
. In many plants, treatment and recycle of water is planned, Filtra- ; i
, tion of solids from wastewaters will allow them to be recovered for disposal | .

by burning. Other constituents may be precipitated by chemical treatment,

thus improving the water for at least partial reuse. There appsars to be no .

plana for segrogation of solids from liquids in the sumps at LAAP. Thus, I

propellant additives will continue to be discharged into the avaporation pond o

or pords, The environmental impact of this action ueeds to be further assassed., %

c, Cisposal of Solid Propellant Waastes

5 1., Waste from Propellant Manufacturing

a. Current Disposal Methodology ' i

. Wastas from propellant manufacturing operations at Radford AAP |
; include the following: ‘

l
Solids collected from process water filters !
Particulatas from chemical preparation steps collacted k i
in wet or dry air scrubbers |
| |

|

|

AR At

Dust from additive or propellant handling operations
Solids filterad from water used for washdowns
Scraps from grain machining operations

| I

These materials are collected and transported daily to the open burning ground.
The burning ground is a 20 acre area located in the "Horseshoe'" of the New
iver (Figure I-1,point 17). This area is used each day to burn floor swaepings,

[ !_
“ !
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off-specification batches of propellants or explosives, and tha particulates
from the effluent filters (Bender ot al., 1975).

b. Future Disposal Plans

In the future, virtually all solid wamtes from propellant manu-
facture will be incinerated under carefully controlled conditions rather then
burned in open areas. At Radford AAP, two incinerators will be used. One
will be specifically for waste explosives or propellants. The other will

handls materials such as wood or paper which have been contaminated with small
amounts of high-energy materials.

Contaninated Waste Incinerator

The contaminated waste incinerator is currently opera-
tional at RAAP. This unit is san "air curtain' incinerator. The materials
to be burnad ara placed upon a grating. An air curtain surrounds the grating,
and air also circulates under the grating to promote complete combustion.
This incinerator is essentially an open burning system, Howaver, the forced

air circulation promotes complete combustion and helps contain combusting
materials in the burning zone.

Bxplosive Waste Incinerator

The explosive waste incinerator was constructed and com=
pleted in 1977, However, it does not meet performance specifications and re-
quires modification, These modifications are expectad to be underway in
early 1978. The incinerator should come on stream in late 1978 or sarly 1979.

The incinerator is a rotary kiln type with a barrel about
10 ft. long. Waste propellants are ground and slurried with water., They
then fed into the kiln countercurrent to an oil fired flame. Thia systemwill
permit complete and controlled destruction of the explosive materials,

2. Wastes from Loading Operations

Propellant wastes from loading cperationa are genexally limited to
solid particies which are spilled at loading sites, As an example, in the
loading of ball powder into cartridges, a cartridge will occasionally ovey-
turn, dumping the contents on or uear the loading equipment.

Solid wastes nf this tvpe are generally collected dry and tyrane~
portad to a burning aite. Dust or residuals are collacted in washdown opera-
tions, generally et the end of euch shift., In scue cases, solids are segre-
gated and burnud. In others, cthey are discharged with ths water,

3. Outdated Propeallants
Munitiona which are ocut of specification, or have uxceeded their

meximum shalf life, must bo disposed of. Also rocket motor cases are rome-
times clesrsd mt for reusa 1f the original propellant loading was unsatis-
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factory. These operations may generate & substantial amount of waste pro-
pellant.

a:. Current Disposal Methodology

Cartridges or small rocket motors may be emptied easily by
dumping, The propellants thus collected are merely transported to buraing
sites for disposal.

Lavger motors in which the propellant is cemented in or cast
in place require more complex removal methods, The: propsllant may be machined
out, or removed hydraulically or with steam. These processes gensrally leave
residual propellants in the cases. Theas are removed.by solvents or by water
washing.

Washing out large motor cases gancrato.‘lnrg. amounts of con~
taminated wastewater. At lLonghorn AAP, motor cases cleaning opsrations were
causing the evaporation pond to ha overfilled. Consequently, motor cleaning
is no longer accomplished at the pond site,

b. Future Disposal Plans

As with othar sources of propellant waste, ocutdated propellants
will be incinerated in the futuvre rather than burned in open pits. Contami-
nat«d wastevatera will be segregatad for filtration and other phreical orx
chemical trestment as required, .

A new Army dewilitarismation facility is under construction at
Hawthorne, Nevada. This facility is scheduled to be operational in 1980 and
will be the primary location for demilitarization and disposal of waste or
outdated munitions. Only munition end items which have been sent to the
field will be tresty! at Hawthorne. The individual AAP's will still have the
responeidbility for disposal of wastes generated from their own operations,
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SUMMARY

‘ Ethyl centralite is a urea derivative used exclusively in the United
states as a gtabilizer in solid propellant formulationas., The stabilizing
, action of ethyl centralite is through its reaction with nitrites and nitrates
] formed by the Jacomposition of the propellant primary explosives, 1.6, nitro-
‘e cellulose, nitroglycerin and nitroguanidine. Percentage of ethyl centralite
in the propellant formulations range from 0.02% to 6,5%. Ethyl centralite is
! used at all four of the Army's propellant manufacturing plants when they are
I in operation. These plants are Radford, Badger, Sunflowsr and Indiana AAP,
Currently only Radford and Indiana AAPs are operational, Current consumption
of ethyl centralite at Radford AAP is 31,000 lb/month. At full mobilization
150,000 lb/month would be used by Radford AAP alone, Ethyl centralite enters
the environment from the preparstion operations, building washdown and in
procass water from the solvent process propellant production. Curreni Redford
ANP discharges to the New River are astimated at 300 to $30 lb/month, At
full mobllization discharges up to 2500 1b/month could occur,

At the present time, there are no producars of aethyl centralite in
the United Statee., There is one manufacturing facility for sthyl centralite
in the United States, however, it is cursently no: operational, The supplies
of ethyl centralite are obtained from French or German scurces,

Only one mammalian toxicity study on ethyl centralite was un-
covered during this preliminary overview, Thuse researchars found an intra-
peritoneal LD50 of 200 mg/kg for mice, In an aquatic toxicity study with
salmon, ethyl centralite was shown to be extremely toxic to aguatic life,

Thus, ethyl centralite is a compcund that is unique to propellant
manufacturing. Since the military is one of the main formulators of pro-
pellants, ethyl centralite can be conasidered a military unique chemical,
Therefore, the following studies are recommended to further evaluate the
toxicological and environmental hazards of ethyl centralite:

et 55 i i e

~ a Phase Il detailed literature evaluation

- analysis of sediment sample

- avuatic toxicity studies if the literatura evalua- ;
tion reveals the need for mcre information ;
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FOREWORD

This report details the results of a preliminary problem definition
study on ethyl centralite. Tha purpose of this study was to assass the
Army's responsibility for conducting further ressarch on ethyl centralite in
vrder to determine its toxicological and environmental hazards so that
effluent standards can be recommended. In order to determine ths Army's re-
sponsibility for lurther work on athyl centralite,the military and civilian
usage and pollution of this chemical were evaluated. 1In addition, & pre-
1lininary overview of toxicelogical and environmental hazards was conducted.

Ethyl sentralite was only one of 4t .hamicals evaluated under Phase 1A
of contract No, DAMD17-77=C-7057. These chemicals ars groupad in four
catagories

axrlosives related chemicals
propellant relat:d chemicals
pyrotschnics

primers and tracers

Each category is a major report. Section I of sach raport is an overview of
the military processes which use each chemical and the pollution resulting
from the use of these chemicals. The problem definition study reports on
each chemical are separable sections of thasse four reports.

In addition, a general methodology report was also prepared, This report
describes the search strategy and evaluation methodology utilized during

this study.
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II. ETHYL CENTRALITE
A, Alternate Names

Ethyl centralite is a urea derivative possessing the following structure:

It has a molecular formula of Cy7HoN20 and a corresponding molecular weight
of 268,356 g/mole. Alternate names for ethyl centralite are listed below!

CAS Registry No. 85-98-3

CA Name (9 CI): Urea, N,N'=diethyl=N,N'=diphenyl=
CA Name (8 CI): Carbanilide, N,N'=diethyl=
Wiswesser Line Notation: 2NR&VN2&R

Synonyms Carbamite, Centralita, Centralits 1;

1,3=diethyl-1, 3-d1phcny1uron. Ethyl
c-ntrllito. N,N'=diethyl=N,N'= diphenylurea;
N,N'=diethylcarbanilide; Sym-diethyl-
diphanyluraa.

B. Physical Properties

The physical properties of ethyl centralits are presented in Table II-l.
The infrared spectrum of ethyl centralite shows absorpticns at 3050, 2980,
2840, 1660, 1600, 1300, 1450, 1390, 1370, 1290, 1270, 1130, 1080, 1070,
750, and 690 cm‘i (CRC, 1974). Tha ultraviolet apectrum of ethyl centralite
in methanol shows an absorption maxima at 245 my (CRC, 1974),

c. Chemical Properties

l. General Reactions

Nitrosation and nitration studies on ethyl centralite have baen con-
ducted to examine its role as a propellant stabilizer (Taymaz et al., 1977;
Roy, 1968). Nitrosation was performed using nitrous acid (HNO;) in hydro-
chloric acid (HCl). The amounts of nitrous acid employed ranged from 2 to 50
molar equivalents of ethyl centralite,

Q.0

C o= CHZ CHz— CHJ

+ NaNO

®
+ HC1
2 Hﬁ products

~65- (11-9)
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TABLE II-}.
Physical Form @ 20°C:
Color:
Odorx't
M.P.!
B.P.
Specific Gravity:
Solubility:

Phyasical Properties of Ethyl Centralitex,
Crystalline solid
White
Peppery
79°C
325-300°C
1.12 @ 20°¢

Water =~ insoluble
Soluble in most organic solvents.

“Refarences: Windholz, 1976; Sax, 1976; Hawley, 1977,




|l

Ritaht 3 ouliiides heaablll 4 e 4 WY Il AL TR T T PR RATEEEASYEIR TR T T pommeerTme T

The major products were various nitro derivatives of ethyl centralite., When
concantrations greater than 8 equivalents of nitrous acid were used, nitro-
N-ethylanilines and trinitrobanzene appeared in the product mixture. It

was necessary to raise the concentration of HNO7 to 50 molar equivalunts
before unreactsd ethyl centralite was not found in the products. At this
high concentration, traces of nitro-anilines were formed,

Ethyl centralite was nitrated by the action of a standard mixture
of sulfuric and nitric acids at 5°C for 1 hour,

0 @ °
@ + H,80, + HNO 3 C
| I H,80, 3 TToR Products

SN C =N
H,C = CHy CHz== CH3

The amount of nitric acid used ranged from 1 to 112 molar equivalents relative
to ethyl centralite. Minimal reaction was cbserved using 1 molar squivalent
of HNO3. Higher concentrations of nitric acid yielded numerous nitro deriva-
tives, nitro-N-ethylanilines, nitroanilines, and miscellanecus nitro aromatics.

Rby (1960) also attempted to hydrogenate ethyl centralite. He
treated it with Hp at 20 psi cnd Pt black and Pd black catalysts. No reaction

: ’\ " /: Pd/PC

N=C -X + H, —W no reaction
H3C = CH, CH g CHj temperature

2, Environmental Reactions

Ethyl centralite is stable in water. Its resistance to hydrolysis
has been attributed to the bulkiness of the ethyl and phenyl subatituantas.
Hydrolysis involvas initial nucleophilic attack by hydroxide anion (or by
a moleculs of water in acid), The mechanism in acid requires prior protona-
tion of carbonyl oxygen, enhancing its electrophilic character. The carbonyl
reforms as N-athylaniline is lost. The N-substituted carbamic acid spontan-
sously decarboxylates forming a sacond N-ethylaniline and CO3. The hydrolysie
is shown schematically in Figure II-1,

-67- (I1-11)
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Figure II-1l. Ac:}.d Hydrolysis of Ethyl Centralite
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flydcolysis has been observed in strong sulfuric acid. Following
reflux of ethyl centralite for three hours in 30X H2804, 94X of the starting
material was recoverad., None of the expectad hydrolysis product was found.
Refluxing for four hours in 40% HyS0, yielded tar formation and traces of
N=-athylaniline. Complete hydrolysis was achieved by refluxing ethyl centra-
lite for three hours in 602 H350,. Seventy-one precent of the thsoretical
N=sthylaniline was recovered with tar formation accounting for the remaining
material.

Even under severe conditions, ethvl centralite resists base
catalyzed hydrolysis, Ninety percent of the starting material was racovered
following four hours of refluxing in 50% aqueous NaOH., Minor amounte of
tars formed,

3. Sampling and Analysis

Two-dimensional thin layer chromatography can be employed for thas
isolation of ethyl centralite., It has been used in the examination of the
products of reactions of centralite (Roy, 1968; Taymaz ¢t al,, 1977) and
in the determination of centralite and derivatives in artificially aged
propellants (Roy, 1968), Separation was achieved on glass pl:tes coated
with silica gel with a two developer (solvent) system. The sample was
first chromatographed using ethylene dichloride and then chromatographed
at right angles with a 75:25 petroleum ether:ethyl acatate solution.

Ethyl centralite way also be identified by its absorption spectrum

(Amax = 247 nm). However, the presence of N-sthylaniline (Amax - 247npm) will
interfare with this determination.

D Usea in Army Munitione

1. Purposes

Ethyl centralite is used as a stabilizer for numerous propellant
formulations as shown in Table II-2, These formulations include singls,
double and multibass propellants made by both solvent and solventless
processes. Ethyl centralite is used at &ll facilities which manufacture
propallants, including Badger AAP, Sunflower AAP, Radford AAP and Indiana AAP.

2, Quantities Used
d. Historical Usa

The average amount of ethyl centralite used at Radford AAP
during the period 1968-1977 was 343,200 1lb annually. The major use was
in double and multi-base propellants, which account for 87 percent of the
ethyl centralite used. Most of the remainder was used in the single base
propellant, BS-NACO., About 1 percent was used to make the M-8 formulation,
which is a solventless process,double base propellant. The specific amounts
of athyl centralite procurad by RAAP during the period 1968-1977 are given
below (Watts, 1978),

-69-~ (11-13)
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Formulation

Benite

BS = NACO

HES §706~1

M=7

M=7 for TOW
M=26

M=26El

PNJ Casting Powder
M-8

M=30

M=30A1

M=30A2

PNJ for TOW
Bermite

MR=23 adhesive

Propellants Having Ethyl Centralite As an Ingredient
(Hercules, Inc.,, 1977)

X _Ethyl Centralite in Formulation

-70-

0.5 + 0.1
1.2 + 0.2
0.8
0.9
0.8
6.0 + 0.5
6.0 + 0.5
0.02
0.6 + 0.2
1.5 + 0.1
1.5 % 0.1
1.5 + 0.1
0.02
2,0
0.3 + 0.1
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13 1960 1069 1970 39T 1972 1973 APIA i8I a8l ien)
$11,17% @€95,930 140,350 238,450 444,328 60,723 399,469 356,650 205,268 304,649

b. Current Use

O P PR
——— .

i During 1977, Radford AAP used cthyl centralite at an average
rate of 31,200 lb/month. Based upon Decembar, 1977, production of propellants,
{; the following amounts of ethyl centralite ware used in December, 1977, alone:

ELallbe ER S

AR Lb. Produced Lb, Bthyl
il ; Propellant December, 1977 Centralite Used
1 i ’

; R Bermite 25,000 125
N M-7 6,000 54
R M-26 242,000 14,520

‘ . M-8 32,000 192

A M=30 683,000 10,245 -

; L M=30A2 453,000 6,795

] : ! 31,931

.\“.—_‘ .

ﬁ Thus, December, 1977, was a typical month with respect to usa of athyl cen-
) P tralite with about 102% of the average monthly amount consumed.

¢. Use at Full Mobilization

B : Not all of the propellants specifying ethyl centralite in their
{ o formulations could be produced at the same time, as they use common facili-

. _ ties. It is estimated, however, that full mobilization operations at Radford
3 i AAP would consume about 150,000 lb/month of ethyl centralite,

1 3, Documented or Speculated Occurrences in Air or Water '

1, The actual concentrations of ethyl centralite in waste streams H
have not been measured. Effluents containing ethyl centralite would be
expected to be genarated from the following sourcest

R R
BT R R e A

- Preparation operations including weighing, grinding, or

, classification, Dust or particulates are collected in

l‘ wet scrubbars from which both solid wastes and contam=
inated effluents may be generatad.

=g

=)

ﬁ' : - Residues from washdown operations generats effluents
‘f: 1 which are filtered and dischrrged. Collected molids are
.| transported to the burning grounds.
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- Process water from the manufacture of propellants by the
solvent process, These effluents appear in the C-line
waste water stream, the 48=-inch general purpose sewer, and
the solvent raecovery area discharges,

- Process wastea from solventless propellant manufacture,
These effluents appear in the rolled powder area waste
streams,

1t is estimated that 1-2% of the propellanta produced are lost
during processing oparations. Another 2-3% of the ethyl centralite handled
may be lost during preparation operationa {Dickeuccn, 1978). Thus, total
amount of ethyl centralite in waste streams amounte t~ 900-1600 lb/month,
based upon current production rates at Radford AAP. Full mobilization losscs
would range from 4,500 to 7,500 1b/month.

Ethyl centralite 1s sparingly soluble in water., Much of the
material lost 18 collected in solid form on effluent stream filters, This
material may be collected and burned, thus never reaching the New River,
However, dapending upon the frequency of particulate removal from the
filters, some athyl centralite may leach out of the collected solids., It is
estinated that 1/3 of the total ethyl centralite loss may ultimately appear
in effluents reaching tha New River,

E. Uses in the Civilian Communicy
1, Production Methodology

Ethylcentralite is made by the reaction of phosgene with two
equivalents of N-ethylaniline.

(CHZCHS / . @ ?‘ D

H }
Cl-g-Cl + 2 @ B 4 ,N— c —}\ + 2HCl
3

The reaction 1s run in the absence of water and HCl is removed as a gas
(Cordova Chemical, 1977),

2. Manufacturers, Produqtion and Capacity

In the recent past, Story Chemical Company was ths only U.S, manu-
facturer of ethyl centralits, Story was racently purchased by the Cordova
Chemical Company, who has currently shut down all plant operatiocus. No daci-
sion has been made as to whethar or not Cordova will resume the production
of ethyl centralite (Cordova Chemical, 1977)., Former production and capacity
statistics are unavailable,
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3. Usages

There are no non-propellant related uses of ethyl centralite,

4, TFuture Trends
No new civilian uses for ethyl centralite are anticipated,
5. Documented or Speculated Occurrences in the Environment

No occurrences of ethyl centralite in the environment from civilian
nanufacture have been recorded in the literatura.

F. Comparison of Military and Civilian Usage and Pollution

The only major use of sthyl centralite in the United Status is as a
stabilizear in propellants, There arae no U,S. civilian producers which
currently manufacture ethyl cantralite. Tha Army purchases all of its
athyl centralite trom French or German sources through the following

importers:

= Wallach=Gracer Export Corporation
« Kingsley and Keith

Thus, the Army is the major user and polluter of ethyl centralite.

G. Toxicological and Environmental Hazards

1, Toxicity to Mammals

Little ressarch has baen conducted on the toxicity of ethyl cen-
tralite. Doull et al. (1962) studied the toxicity of ethyl centralite to
mice. They found the intraperitonsal LD30 for ethyl centralite to ba
200 mg/kg. This result would iudicate that ethyl centralite is a fairly
toxic substance. It is also known that ethyl centralite can be absorbad
through the skin, A nead for further investigation inte the mammalian
toxicity of athyl centralite is indicated by this limited study.

2, Aquatic Toxicity

The distribution of ethyl centralite in the aquatic environment
has not been studied, MacPhes and Ruelle (1969) found that when the Northern
Squawfish (Ptychooheilus oregonensie), Chinook Salmon (Onoorhynchus
tehawytscha), and Coho Salmon (0. kiautch) were exposed to 10 ppm of athyl
centralite, they died within one to three hours.

Based upon the estimated losses of ethyl centralite at RAAP, a
typical concentration of this material in the New River would be from 1 -~ 20
ppb. However, at full mobiliration, it appears that ethyl centralite would a
ba toxic hazard to aguatic organisms in the New River. Also, much of the
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ethyl centralite released into the effluent is due to washdown, which would
produce a surge in the levels of ethyl centralite in New River and increase
the toxicity. Eventually, due tc ethyl centralite's insolubility, most of
the compound will be found in the sediment. Data on the accumulation or bio=-
concentration of ethyl centralite in aquatic systems is not available. A
likely degradation pathway could be the hydrolysis of ethyl centralite to
form N-ethylaniline. The impact of N=ethylaniline on aquatic organisms and
aquatic systems has not been gtudied.

3, Toxicity to Invertabrates, Microorganisms and Plants

No information was encountered on the toxicity of ethyl centralite
tr invertebrates, micrcorganisms or plants.

4, Availability of Licerature for Phase II

Only two toxicological studies wers found on athyl centralite dur-
ing this preliminary overview, Sufficient information for a Phase II detailed
evaluation of the environment and toxicological hazards of ethyl centralite
should be available from the foreign literature, manufacturers and by com=-
parison to closely related compounds.

H. Regulations and Standards

Thetre are no United States efflusent or industrial hygiens standards for
athyl centralite. This compound is not listed in the "EPA Toxic Substances
Control Act Candidate List of Chemical Subatances."

I. Conclusions and Recommendations

The goal of this preliminary problem definition study was to evaluate
the Army's responsibility for conducting further studies on ethyl centralite,
From the information presented in this report the following conclusions can
be drawn:

1, Ethyl centralite is a military unique compound., It is not currently
menufactured in the United States. The only reported use of this compound
is as a estabilizer in solid propellant formulations.

2. Amounts up to 2500 lb/month of sthyl centralite could be dis~
charged from Radford AAP into the Naw River at full mobilisation.

3. Due to its low solubility in water, most of the sthyl centralite
will accumulate in the sediment, It may also bioaccumulate in aquatic
organisms,

4, The limited toxicological literature evaluated during this study
indicates ethyl centralite is highly toxic to aquatic organisms and moderate-
ly toxic to mammals.

~74 | (11-18)
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As a result of this preliminary problem definition study, it 18 concluded
that farther rescarch on ethyl centralite vhould be the Army's rasponsibility.
It 18 therefore recommended that the fcllowing studies be undertakan

= A Phass II detailed evaluation of the toxicelogical and environ-
mental harzards of ethyl centralite should bea initiated,

~ Sampling of sediments near the Rauiord AAP outfells should be
undertaken to evaluate the accumulation of ethyl centialite,

= Depending on the findings in the Phase II literature evaluation,

additional aquatic toxirslogical studies should be undertaken. Bicaccumula-
tion factors should also be evaluated during this study.

=-75= (11-19)
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SUMMARY

Diphenylamine is used in single base solid propellant formulations
produced by the solvent process at Radford, Sunflower, Badger and Indians
Army Ammunition Plants (AAP). It is present in the propellants in amounts
ranging from 0,5 to 1.7%. 1In the propsllants, diphanylamine acts as a
stabilizer by reacting with NO and NO; formed from the degradation of the
nicrate ester primary explosives., Current use of diphenylamine at Radford
AAP 18 120,000 1b/year. At full mobilization, 1,284,000 1b/year of diphenyl-
amine would be formulated into propellants at Radford AAP, Estimatad
discharges of diphenylamine into the New River are between 1600 and 2650

1b/month at full mobilization, If all four propellant plants were utilizing

this chemical at approximately the aame full mobilization rate, the Army
would need 5,136 million lb of diphenylamine par year.

Diphenylamine is used in the civilian community as an intermediate for a
variety of dyes and as an antioxidant for rubber, In 1974 civilian production
of this compound was 39,9 million lb/year, This production rate will increase
as the dye and rubber market grows and as planned new diphenylamine production
facilities become operational.

Diphenylamine is moderately toxic to mammals in acute doses, The major
problem of chronic exposure to this chemical is the presence of 4-amino-
biphenyl as an impurity, The presence of this carcinogen has overshadowed
some of the results of chronic exposure studies with diphenylamine,

Diphenylamine is highly toxic to aquatic organisms with 48 hour LC50
ranging from 0,35 to 3,2 ppm, Microorganisms are able to produce nitrosamine
from nitrate and diphenylamine, These compounds can be further degraded.
However, thelr effect on the environment has not been resolved.

Diphenylamine i® not a military unique chemical, The current Army
use vate of this chemical is only 0.02% of the 1974 civilian production, At
full mobilization, the Army's needs could increase to 13% of the 1974
production, Sufficient information is not available to assess the civilian
polliution of this chemical. The pollution of this chemical resulting from
current propellant manufacture at Radford AAP is estimated at 1800 to 3000
1b/year. This discharge is probably A5% of that from civilian production
and use, Therefore, the Army's responsibility for further research on this
chemical is questionable, However, dus to the high aquatic toxicity of
diphenylamine, very low levels (12 ppb) have bsen suggested for protaction
of aquatic organisms, If this suggested level is adopted, the Army may not
be able to meet the effluent standard. Therefore, it is recommended that
the following studies be undertaken

-~ Sampling and analysis at Radford be performed to determine
the quantity of the compound entering the New River '

= A literatura evaluation of the fate of this chemical in the eco-
system and in proposed treatment facilities
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- Depending on the results of the literature evaluation, !

b experimental studies on the fate of this compound may be necessary,
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FOREWORD

This report details the results of a preliminary problem definition
study on diphanylamine., The purpose of this study was to detarmine the Armmy's
responsibility for conducting further research on diphenylamine in ordes to
determine its toxicological and environmental hazards so that effluent
standards can be recommended. In order to determine the Army's responsibility
for further work on diphenylamine, tho military and civilian usage and pollu=-
tion of this chemical were evaluated. In addition, a preliminary overview
of toxicological and environmental hazards was conducted.

Diphenylamine was only one of the 48 chemicals evaluated under Phase IA
of contract No, DAMD17-77=C=7057. These chemicals are grouped in four
categories

= eXplosives related chemicala
- propellant related chemicals
= pyrotechnics

- primers and tracers

Each category is a major report, Section I of each report is an overview of
the nilitary processes which use each chenical and the pollution resulting
from the use of these chemicals., The problam definition study reports on
each chemical are separable sections of these four reports,

In addition a general methodology report was also prepared, This report

deagribea the search strategy and evaluation methodology utilized in this
study.,

=83~ (L11-5)
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III. DIPHENYLAMINE

A Alternate Names

Diphenylamine 1s an ammonia derivative having the following structure:
| X
Z N
|
H

The molecular formula of diphenylamine is CjoHjiN corresponding to a molecu-
lar weight of 169.22g/mole. Alternate names for diphenylamine are presented
below:

CAS Registry No.: 122-39=4

Replaces CAS Registry No.: 16044-89=6

CA Nama (9CI): Benzenamine, N-phenyl-

CA Name (8CI): Diphenvlamine

Wiswesser Line Notation: RMR

Synonyms: Anilinobenzene; Biphenylamine; DFA; DPA;

N~phenylaniline; (Phenylamino)benzene

B. Physical Properties

The physical properties of diphenylamine are presented in Table III-1,
The infrared spectrum of diphenylamine is presented in Figure III-1,

19.004:)  Diphahpioming, aone refined. 900 &, GOLD LABAL
My} (NH M0 188 1) mp Bi o

Lo | pand [l [ ad . 1L L] 10 e Ao " 'k o 4
w ey - L)
L] »
L] : - »
L] L) »n
L] ‘ [} [ ]
» . . »
o 3 )] o - L]
» S '
T -1 - :
] N "

] v Wit [}

e " : [

-
>,

WAVIINET B MCHONS

Figure ITI-1, Infrared Specirum of Diphenylamine
(Pouchert, 1970).

The ultraviolet spectrum of diphenylamine shows an absorption maximum at
282 mu. (CRC, 1974).

-§7= (111-9)
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Table III-1., Physical Properties of Diphenylamine*.

Physical Form @ 20°C:
Color:

Odor!
M.P.:
B.P.:

Specific Gravity!

Flash Point:

Autoignition Temperature:
Solubility:

*References: Windholz, 1976; Internutional Technical Information Institute;

Seidell, 1923,

=88

80lid leaflets

colorless to grayish; darken on
exposure to light

floral
52.85°C

302°c @ 760 mm lg
179°C @ 22 mmHg
168.5-70 @ 14 om Hg

1,159
153°¢
635°C
vater - 0,0018g/100g @ 10°C
0.0023g/100g @ 13°C
0.0025g/100g @ 20°C
0.0036g/100g @ 25°C
0.0044g/100g @ 30°C
acetone - 70.57g/100g @ 0°C
74.91g/100g @ 28°C

methanol - 21.08g/100g @ 0°C
55.15g/100g @ 28°C

ethanol - 35.9g/100g @ 19.5°C
ethyl ether - 76.45g/100g @ 28°C
chioroform - 67.35g/100g @ 28°C
benzene - 73.54g/100g @ 28°C

(111-10)

e

=

C el ASecaod redks

R TINv




Wm‘l’“ﬂ"‘-'r;""--\l:'"""" R - .
- - - L

C. Chemical Proparties

| 22 1. General Reactions

H IR Two aromatic substituents significantly alter the chemistry of

L diphenylamine from aliphatic amines. Diphanylamine is an extremely weak

] ' base and the amine proton is remarkably labile, It is exchanged immediacely
for a heavy proton in dauterated solvents.

EtOD

@@ @O

b Anhydrous traatment with alkali metal can even remove the proton (Kirk and
Othmer, 1964b).

. [
)_ The C-N bonds possess a significant amount of double bond character, making |
them stronger than normal single bonds., Pyrolysis at 1050°C results in
| minimal cleavage. The major product is carbazole (Brurel and Schmelte,
1971),

1050°C ' :
+ minimal :
cleavage :

Catalytic reduction at 200°C gives a mixture of N=cyclohexylamine
and dicyclohexylamine. At 250°C, reduction occurs with cleavags.

saekdoncIIone
SRR le
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Treatment of diphenylamine with potassium permanganate or several i
other oxidizing agents yields tetraphanylhydrazine (Kirk and Othmer, 1964b).

. KOy, [:jjl~n ,[:::] | i 1
@»«@ nE
; R

Treatment with milder reagents rasults in oxidative coupling through the i
aromatic rings. d

{

! N N 1
' — OCLaU |
Diphenylamine, like other amines, can behave as a nitrogen nucleo~ ;

phila. It reacts readily with organic acid chlorides and anhydrides to (
yield N,N~diphenylamides (Kirk and Othmer, 1964B}.
‘ ?HS

c=0 i

e Rnlbndiete

When heated in the presence of dehydrating cganti. these amides ara trans-
formed to acridine derivatives (Kirk and Othmar, 1964b) .

AT = TR e S50t T

¥
C = 0

oo+

The nitrogen nucleophilic activity of diphenylamine is limited by ‘ )
the bulkiness of the phenyl substituents. In situutions where steric consid- !
srations are important, the nucleophilic sites on the aromatic rings are '
more reactive. In the reaction of triphenylmethyl chloride with diphenylamine :
the para postion of the phenyl ring, not the amine hydrogen, behaves as i
the nucleophile (Kirk and Othmer, 1964%H). [

P PR S Sl
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1f excess triphenylmethylchloride is present, the reaction will continue.

L | ;
QoQ,
o &

|3

The aromatic rings of diphenylamine are more susceptible to elec-
trophilic substitution than benrzene. Ralogenation occurs readily and is
difficult to atop at the mono=- or di~ substituted product. The tetra-
substituted product is isolatable and the reaction may bs driven to yield
perchlorodiphenylamina,

| a | a a | a
U "0 — "@ —) Ol N o
5 R a c c ca

The nitration of diphenylamine in relation to its use as a propel-
lant stabilizer has been well studied (Apatoff and Norwite, 1973). Treat-
ment with nitrous acid produces the nitromo, nitro- and dinitro derivatives.
Prolonged treatwent with the acid leads to polynitro- compounds.

oo™ o0 d0-&u

polynitrodiphenylamine

=91~ (I11-13)




Diphenylamine reacts with formaldehyde and acetone to yield a
variety of products depending upon reaction conditions (Kirk and Othmer,
1964b), Refluxing of equimolar amounts of diphsnylamine and formaldehyde in

benzene yields tetraphenylmathylenediamine.
H
|
/" N + CH0 ) N-CH =N
) agxe;
Addition of dilute acids reverses the rea=tion.

QLY e

1f exceus diphenvliamine is reacted with formaldehyde in the pressnce of cata-~
lytic amounts of acid, p,p'-dianilinodiphenylmethane is formed.

H by '{
) + |
H N NN
sh N i Wens
cry =

Prolonged heating results in polymeric resins being furmed.

Acatone will react with excess diphenylamine in the presence of an
acid catalyst to yield tetraphenyl 2,2'-diaminopropane.

I
‘ 3 Q"}‘S
@’ " )t tc-E-cny e N-C-N
N ] -
</ \’>cu3 <\t>

1f the ketone is in excess, viscous oils containing diarylamives are formed.

-92- (111 14)
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2, Environmental Reactions

The photolysis of diphenylamine in an ether/iscpentane/alcohol solu-
tion at low temperature has been investigated. Initial illumination at 250
to 300 nm results in loss of an electron, Either a proton or a hydrogen
radical is lor* upon continued illumination (Lewis and Lipkin, 1942).

o “@@-ﬁd@
o Lo

Posgible reections between these various photolytic products include radical

coupling and electrophilic substitution.
| | QO
> l u\© + " _a N"‘N
S O

* s' Q -,
00 7 Q"O”@

3. Sampling and Analysis

Most analytical techniques for diphenylamine have been developed
for its determination in propellants. These techkniques vere recently reviewed
by Apatcff and Norwitz (1973). Techniques inciude colorimetric determination
following oxidation with nitric scid, dichromate, or ferric ion; volumetric
bromination; polarcgraphic determination; qualitative IR spectroscopy; UV
spectroscopy (dmax = 285 nm); thin layer chromatogrphy; and gas chromatography
(GC). GC has been used for simultaneous analvsis of a number of propellant

-93- (I11=15)




components including diphenylamine (Sopranettl and Reich, 1972} Kelso, 1974), [
Diphenylamine can be determined in the presence of 2-nitrodiphenvlamine,
ethvl centralite, triacetin, phthalate esters, and dinitrotolulene.

Dantzman (1976) reported a‘spectrophotomettic method for determina- 2
tion of diphenylamine in Ext. D&C Yellow No., 1, He was able to reliably
determine diphenylamine in concentrations down to 0,02%,

Oy MR pan S RAINC S

D. Uses in Army Munitions

iE 1. Purposes (
1K Diphenylamine is used as a stabilizer in the following propellant

1k formulations: |
f; % diphenylamine in formulation Ny
| - CBI Powder 1.5:0,2 )
% - IMR 1050 0.5 to 1,25 |
iH - M-l 1.0+0,2,-0.1

i* - M=6 100“'0;2."001

i . w10 1.0£0.3 (
R - M6 + 2 1|0+002|-001 o

These formulatione are tingle base propellants produced by the solvent pro-
cess. Diphenylamine is used at all facilities which produce propellants
including Badger AAP, Sunflower AAP, Radford AAP and Indiana AAP.

E

{ Diphenylamine stabilizes the propesllant by reacting with NO and ‘i

? NO7 which are formed by thermal degradation of nitrate esters. Without a
A stabilizer, NO and NO; will react with moisture to form nitrous and nitric \
t_ acids which promote further degradation. The presence of NO2 itself may l
§
}
|

cause an autocatalytic effect which also promotes degradation (Richardson,
1975). The presence of 1% of diphenylamine in the formulation will
stabilize a propellant for several years.

2. Quantitiea Used

a. Historical lLse

Diphenylamine is used exclusively to produce singls base pro=-
pellants., The predominant use is for the M-l formulation, which accounted f
for 89% of the diphenylamine usod at Radford AAP during 1968-1977, The aver- l !
age annual amount of diphenylamine purchased by Radford AAP during this period
was 621,900 1b/year. The specific guantities of diphanylamine purchased by :
Radford AAP during the period 1968-1977 are shown balow (Watts, 1978): |

[T g

1YY WO U L N (1. S|}/ SR |1/ IS |1/ SO 1 "G M L S
1,229,250 930,100 712,600 548,800 546,350 767,800 839,800 337,330 94,000 133200 |

e
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b. Current Use

During 1977 Radford AAP utilized diphenylamine at an average
rate of 10,000 lb/month, Based upon December 1977 production of M-1 and
M~10 propellants, about 8500 1b of diphenylamine were used, or about 85% of
the average rata.

c, Use at Full Mobilization

Current production of propellants which specify diphenylamine
in the formulation is about B8-10X of capacity. At full mobilization, ap-
proximately 107,000 1b of diphenylamine would be used each month.

3. Documented or Speculated Occurrences in Air or Water

Diphenylamine concentrations have been measured in the effluent from
the "water-dry" processing step (Glennon, 1977). The indicated loss in this
step was estimated at 30-60 lb/month. This amount is not representative of
total losses, however. Several other process water effluents exist which

may contain diphenylamine. In addition, losses may occur in the preparation -

operations in which diphenylamine is weighed out and prepared for process
use.

Total diphenylamine losses from both praparation and processing
sourcas are estimated at about 300 to 500 lb/month, At full mobilization,
this loss would increase to 3200 to 5300 1lb/month. This represents 3I=-5% of
gg;a;mount used, and ia considered to be a typical loss level (Dickinsen,

Diphenylamine is sparingly soluble in water. Since much of the
material lost is collected on filters in solid form, some of the diptianvl=
anine loat is recoverad and disposed of by burning. It is estimated that
about 1/3 to 1/2 of the diphenylamine lost ultimately reaches the New River
as a svlute in effluent streams,

E. Uses in the Civilian Community
1. Production Methodology

Diphenylamine is formed on an industrial scale by the self conden~
sation of aniline in the presence of strong acids.

sz + @,Nﬂzﬂé @,E@ - ’

The reaction is conducted in an acid resistont reflux apparatus at tempera-
tures around 300°C and high pressure. Aniline combines with the acid to
form aniline hydrochloride.

=95~ (III-17)

e SN

b e A i s i R A P i g P it e e Sl R E e p L T T



S e e

NHZ NHaCl
@ + HCL ;2 ©’ 3

The aniline hydrochloride combines with a second molecule of aniline to form
diphenylamine and ammonium hydrochlori@e.

i
NH3C1 NH N

In the presence of excess aniline, ammonium hydrochloride decomposes
to ammonia and hydrochloric acid, regenarating the catalyst. The ammonia is
removed at the top of the column. The orude product is washed with aquecus
sodium carbonate to remove any traces of acid and then vacuum distilled. The
yield approaches 80X (Kirk and Othmer, 1964d),

2. Manufacturers, Production and Capacity

There are two manufacturers of diphenylamine in the U.S. American
Cyananid manufactures this chemical in Bound Brook, N,J., and Rubicon Chemicals
has a plant in Geismar, La, Plant capacities are unavailable. In 1977,
American Cyanamid increased their capacity by 50%, Rubicon has scheduled ex-
pansion to be completed late this year which will increase their capacity by
26 million pounds per year (S,R.I., 1977), Historical production figures are
listed below in Table III-2 (U.S. Tariff Commission).

Table III-2. U.S. Production of Diphenylamina%,

1968 1969 1970 1971 1972 1973 1974

32.2 34.8 29.4 30.6 33.8 34.7 39.9

* in million pounds

3. Usages
Diphenylamine is used in the dye industry as an intermediate for

@ variety of dyes including Metanil Yellow, Aniline Yellow, Curcumine,
Alkali Green, and Pyrogene Indigo (Kirk and Othmer, 1964a),

=96~ (111-18)
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It is also used as an aantioxidant for rubber, as a colorimetric

indicator in analyses, and as a chemical intermediate to N-nitrosodiphenyl-
amine and phenothiazine.

NO H

A |
"0 98¢

s
N<nitrosodiphenylamine Phenothiazine

4, Future Trends
{

The diphenylamine market is stable with growth axpected to parallel
the rubber and dye industries,

S, Documented or Speculated Occurrences in the Environment

Diphenylanine has not been reported as an euvironmsntal contaminant
in the civilian community. It is known to be present in Ext. D&C Yellow
No. 1. It is required to be in concentrations below 0,2% (Dantzman, 1976).

T, Comparison of Military and Civilian Uses and Pollution

According to the latest available figures for civilian diphenylamine
production, 39.9 million pounds of this smine were produced in the U.S. in
1974, Radford AAP's usa of diphenylamine in 1974 was 839,900 or about 0,02%
of the diphenylamine produced by the civilian manufacturers. At full mobili-
zation, Radford AAP would use about 1,284,000 lb/year ¢f diphenylamine. If
the use rate at Badger or Sunflower and Indiana were about the same as Rad-
ford AAP, the Army would use about 5,136,000 1lb/year at full mobilization.
This use rate would be V13% of the 1974 civilian production of diphanylamine.

G. Toxicological and Environmental Hazards
l, Mammalian Toxicology

Diphenylamine is moderately toxic to mammals. Lande et al. (1934)
administered oral dosas of 0.5-2,0 g/kg of diphenylamine to rabbits. They
observed a loss of body weight and asthenia. Some deaths occurred in 15-20
days. Thomas @t al. (1967) exposed rats to diphenylamine in their food for
almost 2 years. At the end of 240 days, they observed weight differences
between the control and the malo rats which were fed 0.5 and 1% diphenyl-
smine, Differences betwssn controls end the female rats fed 0.1, 0.5 and 1%
diphenylamine vers also observed. Thomas's group also found a significant
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difference (P<.05) in mean number per litter between controls and the rats
fad 0.5% diphenylamine in the first mating; and controls and the rats fad
0.1% diphenylamine in the second mating. Abood and Romanchek (1957) found
that diphenylamina concentrations of 1074 M produced a 23% inhibition in rat
brain mitochondria, Alexander ¢t al. (1975) administered oral doses of di-
phanylamine to rats, rabbits and men. They found the major metabolites were
4=hydroxydiphenylamine and 4,4'=dihydroxydiphenylamine.

From these studies, it appears that diphanylamins is moderately
toxic to mammals, Recently Safe ¢t ql. (1977) identified toxic impurities
in commercial diphenylamine, Table III-3 shows the varying amounts of im-
purities in 6 brands of diphenylamine. One of the impurities, 4-amino~
biphenyl, has been shown to be carcinogenic. Orjelick (1975) stated that
diphenylamine had a strong asscciation with bladder cancer, not on its own,
but because 4~aminobiphenyl was usually present as an impurity., 4~amino-
biphenyl has bean shown to induce tumors in tha livaer and intestines of rats
and cancer of the bladder in dogs (Walpole et al,, 1954). Koss et al. (1969)
found cancer of the bladder in workers expoaad to 4=aminobiphenyl.

Thus, while diphenylamine itself is only moderately toxic, commexr=~
cial diphenylamine can be contaminated with the carcinogen, 4-aminobiphaenyl,
The amount of 4=aminobiphenyl in the diphenylamine used by the Army should
be determined. The previous toxicity studies on diphenylamine should be re-
evaluated if a commercial grade of diphenylamine was used in the tasts.

2., Aquatic Toxicology

Lavels of diphenylamine in the aquatic environment have not basn
measured, The acute toxicity of diphenylamine to aquatic organisms is shown
in Table III-4, Diphenylamine is most toxic to Daphnia magna with a 48 hour
LC50 of 0,35 ppm. Hartley (1977) estimated a safe lavel of diphenylamine to
aquatic organisms to ba 12 ppb.

Radford AAP's current use of diphenylamine is about 10,000 lb/month,
Under full mobilization, 107,000 lb/mo would be used. Based upon anticipated
losses from preparation, and processing steps, 150=250 lb/mo diphenylamine
would be releaased to the New River under current production rates., At full
mobilization, release of 1600-2600 lb/mo of diphanylamine into the waste
stream is possible. The concentrations of diphenylamine that could occur at
different flow ratas and mixing concentrations ars shown in Table III-S,
Based on Hartley's (1977) estimated safe levol of 12 ppb for diphenylamine,
diphenylamine can be acutely toxic to aquatic organisms near ths Radford
AAP discharge point, During full mobilization, a much greater area of the
river could be contaninated and massive kills of aquatic organisms could
oceur,
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Table III-3. Toxic Impurities in Commercial Diphenylamine ®* (Safe et ql.,1977).

L0 N
7 ;
i~ |
Commercial Band 1 Band 2 " Band 3 Band 4 ;
o~biphenyl=- o=cyclohexyl= p=biphenyl- '
DPA (ppm) amine (ppm) aniline_ (ppm) amine (ppm)
frand 1 50 - 93 -
Brand 2 45 32 22 94
Brand 3 12 22 17 27 [
Brand 4 9 3.2 5 17 ]
1
Brand 5 - - : 48 6.9 :
Brand 6 - - 12 -
* Brand 1 contains an additional impurity (£.€., Band 5) identified

as p-cyclohexylaniline
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Table III-4. Acute Toxicity of Diphenylamine to Aquatic Organisms.

a
f 24 48 96 ;
| Species Houtrs Hours Hours Reference b
E Water Flea 1.0 0.35 - Warner et al., 1978 )
E- (Daphnia magna) f g
ﬁ Fathead Minnow 3.2 3.2 1.52 Warner ¢t al., 1978 L
) (Pimephales promelas) { - |
r‘l ’ o
: Bluegill - - 1.10 Hartley, 1977 '
(Lepomis macrochirus)
Oatracod - 2,53 - Hartley, 1977

(Cyclooypris sp.)

S

L _Salfanastl 3
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Table III-5. Levels of Diphenylamine (ppm) in the New River at
Full Mobilization.

Degree of Mixing Low Flow (336 mgd) Average Flow (2500 mgd) .
1% 3.1 0.4 |

10% 0.31 0.04 ;

100% 0.0 0.004 5

|
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Due to its insolubility, diphenylamine would eventually accumulate
in the sediment. Its persistance in the sediment could increase diphenyl-
amine's toxicity to aquatic organisms. The availability of diphenylamine
to aquatic organisms and possible biomagnification through the aquatic food
levels are unknown. In the presence of nitrate and a high pH, N-nitroso-
diphenylamine and tetra-nitrodiphenylamine can be formed. 2:1 diphenyl-
amine and formaldehyde complexing can also occur.

3. Toxicity to Microorganisms and Plants

The toxicity of M=l propellant dust to aquatic ecosysems has been
investigated by Hartley (1977). In algae studies with Miorooystis aeruginosa,
culture death was found after a seven day exposure to 5 mg/l of dipheny-
amine,

Studies with sewage treatment microorganisms showed no adverse
effects on the sewage treatment organisms after exposure to 111.3 mg/l of
M-l propellant. The degree of biodegradation of the M-l propsllant by these
organisms is not known (Hartlay, 1977).

4, Environmental Fate

Experimental evidence indicates that diphenylamine may be microbio-
logically transformed into carcinogenic compounds, Hawksworth and Hill (1971)
reported that 27 of 37 strains of coli and & proportion of strains of other
fascal aarobas snd anaerobes were able to produce nitrosamines from nitrate
and diphenvliamine at a pH above 6,5, These nitrosamines can bs further de~-
graded, However, thair effect on the environmant is not resolved.

5. Availability of Literature for Phase II

Sufficient literature sources on the toxicology and environmental
fate of diphenylamine were identified during the preliminary study to indicate
the availability of sufficient information for Phase 1I,

H. Regulations and Stundards
l. Air and Water Regulations

The EPA has issued effluent limitations guidelines for discharges
from the manufacture of diphenylamine (Federal Ragistsr, 1976). These effluent
guidelines are listed in Table III-6. Diphenylamine is listed in EPA's Toxic
Control Act Candidate List of Chemical Substances (1977). However, there
are no immediate plans for any EPA sponsored work on this chemical.

2, Human Exposure Standards
A TLV of 10 mg/m3 for diphenylamine has been suggested by tha

American Conference of Governmental Industrial Hygienists (1977). This
compound ie not listed on NCI suspected carcinogenic list (NIOSH, 1975).
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Table IIl-6. Effluent Guidelines for the Manufacture of Diphenylamine
(Federal Register, 1976).

Effluent Characteristic Effluent Limitations
Average of Daily Values for
Maximum for 30 Consacutive Days Ehall
Any 1 Day Not Exceed:

1b/1000 1b of Product

'BOD 5 0.041 0.021 C
1) -i “
TSS 0.062 0.033 S
pH Within the range é
6.0 to 9.0 "
I. Conclusions and Recommendations

The goal of this preliminary problem definition study was to detoermine
the Army's responsibility for conducting future rasearch on diphenylamine. :
From the data presented in this report, the following conclusions have been {
drawn ;
1. Diphenylamine is not a military unique chemical; it is widely
used throughout the dye and rubber industries.

2, Reliable figures on the pollution resulting from the civilian |
and military use of this chemical are not available. However it is estimated
that ~ 5% of this pollution results from Army propellant productiom.

3. Diphenylamine itself is only moderately toxic to mammals,
however, significant quantities of the carcinogenic, 4-amirobiphenyl, have
bean found to ba present as impurities in the commercial product,

4, Further mammalian toxicological studies on diphenylamine should
be conducted by the civilian community.

5. Diphenylamine is highly toxic to aquatic organisms. Radford
AAP operations could lead to significant effects on the aquatic system from
this compound,

6. Further evaluation of the discharges and aquatic ecosystoms
stress from military operations using diphenylamine is warranted.
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The following recomaendations are made based on the results of this
l; preliminary problem definition study,

= In order to protect workers exposed to diphenylamine, the Army
should investigate the amount of 4-aminob.phenyl in its purchased diphenylamine.

« Further mammalian toxicological studies on diphenylamine are
mainly a civilian problem. '

= The levels of discharges of diphenylamine from Radford and Indiana
AAP require further quantitation. A planned effluent analysis program should |
sg be undertaken to obtain this information,

- Further evaluation of the environmental toxicity and fate of i

. this compound should be undertaken. The initial step in this study should be i

{§ a Phase II literature evaluation of the environmental problems and fate !
' associated with diphenylamine,

A PSP SVIRPR s NI SR VLY
[

-

| = Additional experimental studies to define the environmental fate
L. of diphenylamine and the ability of planned treatmeant processes to removae
' this compound from Radford AAP's wastes may be necessary depanding on the out-
come of the literature evaluation.

\
|
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SUMMARY

Diethylaneglycol dinitrate is used exclusively as a high energy plas-
ticizer for propellants. Current U. S. production capacity is 25,000 1b/year.
The only Army use of this chemical in the past several years has been three
55 gallon drums. This material was produced and used at Radford AAP for

formulation of M-37 propellants.

No specific mammalian or aquatic toxicity data on diethyleneglycol
dinitrate was obtained. BY extrapolation of available data on other organic
nitrates, this compound should be moderately toxic to both mammals and aqua~
tic organisms. In the aquatic environment, it probably accumulates in the
sediment and is slowly degraded either by acidic conditions or microorganisms.

1t is recommended that this compound not be evaluated in Phase II. If
future plans call for large production of M-37, then a detailed evaluation of
the toxicological and environmentul hazards of diethyleneglycol dinitrate by

the Army would be warranted.
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FOREWORD

This report details the results of a preliminary problem dafinition
study on diethyleneglycol dinitrate. The purpose of this study was to deter-
mine the Army's responsibility for conducting further research on diethylene-
glycol dinitrate in order to detarmine its toxicological and anvironmental
hazards so that effluent standards can be recommended. .n order to deter-
mine the Army's responsibility for further work ondiethyleneglycol dinitrate,
the military and civilian usage and pollution of this chemical were evaluated,
In addition, a preliminary overview of toxicological and environmental hazards
was conductad,

Diethyleneglycol dinitrate was only one of 48 chemicals evaluated under
Phase IA of contract No, DAMD]17-77-C=7057, These chemicals are grouped in
four categories

= axplosives related chemicals
= propellant relatsd chemicals
= pyrotachnics

= primers and tracers

Each category is a major report. Section I of aach report is an overview of
the military processas which use erch chemical and the pollution resulting
from the use of thase chemicals. The problem definition study reports on
each chemical are separable sections of these four reports,

In addition a general methodelogy report was also prepared. This report

describes the saarch strategy and evaluation methodology utilized for this
study.
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Vo IV. DIETHYLENEGLYCOL DINITRATE

A, Alternate Names

" Diethyleneglycol dinitcate is an explosive possessing r... following
i\- chamical structure:

196.1g/mole. Pertinent alternate names for diethyleneglycol dinitrate are

§! It has a molecular formula of C HgN»07 corresponding to a molacular weight of o ?
listed below: o

CAS Registry No.: 693~21-0
CA Name (9 CI): Ethanol, 2,2' -oxybis~dinitrata
CA Name (8 CI): Diethyleneglycol, dinitrate
Wiswessar Line Notation: S
Synonyma: DEGN, Diglycol dinitrate; Dinitrodigly- :
col; Dinitroglycol; Oxydiethylene
nitratas

anttl Aitin "

B. Physical Properties .
The phylical properties of diethylencglycol dinitrate are presented in

T.bl‘ IV'lu i
Table IV-1, Physical Properties of Disthyleneglycol dinitrate.* E
Physical Form @ 20°C: liquid ]
Color: yallow L
anu H -11. 3°C 1 y
B.P.: 161°C I
Liquid Density, d425: 1,377 g/ml ! i
Vapor Density, (airwl): 6.7 g/ml ]
Vapor Pressure: 0.0036 mm Hg @ 20°C :
Viscosiry @ 20°C: 8.1 cP i
Heat of Ccmbustion: 2792 cal/gm '
Refractive Index, nD25: 1.4498 !
Solubility: wvater - 0.40 g/100g @ 20°C |
0.60 g/100z @ 60°C _;

slightly soluble in alecohol '

soluble in ether

*References: Sax, 1976; Hawley, 1977; Army Materiel Command, 1971. ' _ ’ .

~-117-




C. Chemical Properties

1. General Reactions

Although the chemistry of certain alkyl nitrates (methyl, ethyl,
tert=butyl) has been invescigated, the chemistry of diethyleneglycol dinitrate
hag not been widely reported. Much of this chemistrv muat be inferred from
the behavior nf the simpler nitrate esters,

Nitrate esters are capable of transferring the NO, function to other
systems (Boschan ¢t al., 1955). Toluene is easily ni::.:.ﬁ in 981 Hp80,; with
ethyl, n-butyl, and B-chloroethyl nitrate.

I CH'

3 H,80 : 3
+ R-0N02 —Z_A’ @ “ ROH

)

Lewis acids such as AlCly can catalyze this reaction. Ethyl nitrate has been
used in the nitration of other aromatic systems including carbazole, a com=-
pound resembling diphenylamine.

Carbazole diphenylanine

H

Nitrate esters can also be used for nitration of certain active methylena

groups.
0
+ EtONO, —3 éruoz

N-nitration also is obsarved. The reaction of ethyl nitrate and
aniline in the presence of sither sodium in ether or ethoxide anion yields
phenylnitramine,

: NHNO
Ly 2
* EtONO, —>

N-nitrosation may occur, The reaction between diphenylamine and ethylnitrate
yields N-nitrosodiphenylamine along with other products.
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Nitrate esters are known to act as salkylating agents in their reac-
tion with certain nucleophiles. Heating nitrate esters with ammonia, or pri-
mary or secondary amines results in N-alkylation.

100°C

CHj0NO, + NH, ==—=3  CH,NH,

+ HNO,
Alcoholysis, the reaction of nitrate esters with alcohols, involves O-alkyla-
tion to form mixed ethers,

CH30NO2 + CH30H20H —— CH3OCHZCH + HN03

3

Nitrate esters can be reduced to the corresponding alcohol by any
number of etandard techniques including electrolysis, hydrogenolysis, or
treatment with metal hydrides or metals in acid (Boschan et al., 1955),

Diethyleneglycol dinitrate can be expected to undergo these typical
reactions of nitrate esters. The presence of the second ester function in the
molecule makes certain further recactions possiblae.

During hydrolysis (to be discussed in the following section) or i“s

action as a nitrating agent, diethyleneglycol dinitrate is transformed to di-
ethyleneglycol mononitrate, The monoester is capable of cyclivation.

0

Dioxane can bs expected to form due to the combined effects of the proximity
of the nucleophilic alcohol function and the generation of a thermodynamically
favorable ring.

In the reaction of diethyleneglycol dinitrate with ammonia or pri-
mary amines, another cyclization is possible. The amino function of the first

formed product may behave as an intra-molecular nucleophile yielding N-substi-
tuted morpholines.

) » 0
ozn-mcwc% —_— [NJ
|

CH3
2. Environmental Reactions

Dietbyleneglycol dinitrate is fairly stable to hydrolysis. Heating
at 60°C for 5 days resulted in only 0.003% decomposition. Hydrolysis in the
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presence of mixed acids resulted in approximately 12 cleavage to the monvester
after 6 hours (Urbanaki, 1965),

1t has long been known that hydrolysls of nitrate estera yields more
than the aimple alcohol and nitrate anion. The three separate processes which
complete in nitrate ester cleavage are represented in Figure IV-l,

Figure IV-1, Nitrate Eater Hydrolysis.

a) SN1 or SN2

HO™ + RCH20N02-- RC820H + N03'
b) E,

HO™ + RCHchZONoz-.-RCH-CH2 + N03

¢) Elimination of an a proton

HO™ + RCHZONOZ-- RCH=0 + H,0 + NOZ-

2

Reaction a) involves displacemant of the nitrate group by nucleophi-
lic hydroxide anion. In near neutral solutions water molecules may act as
nucleophiles. Most esters undergo bimolecular substitution (SN;) with nucleo-
philic addition and elimination of nitrate occurring simultaneously. Sterically
hindered nitrate esters generally are hydrolyzed via SNy processes involving
initial loss of nitrate to form a carbonium ifon followsd by rapid addition of
a water molecule,

Reaction b) involves simultaneous elimination of a 8 proton and the
Noa' molety.

H H H H
| N | |

f - ? - ? <0 - NO2 — % -Ces(C + N03'
|

Reaction c¢) proceeds with abstraction of an a proton with simul-
taneous cleavage of the 0-N bond rather than the C-0 bond (Boachan ¢t 2l.,
1955).

Hydrol, is of diethyleneglycol dinitrate will give mostly nitrate ion
and diethyleneglycol mononitrate. The reaction may proceed via an SNy mecha-
nism, an SN, mechanism, or both processes way compete. Generally primary ni-
trate esters will not undergo SN; tvpe reactions due to the low stability of
priaary carbonium iona. Diethyleneglycol dinitrate is an exception due to re-
sonance stabilization of the carbonium ion by the ether oxvgen.

(Iv-12)
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» M CH, _CH=0"

0.N - 0 - CH, CH ——> ONO-cH,~ %/ N\
2 2 +Cy 2 2
Ci'lz--CR2

~
”

In neutral solutions where the strong OH™ nucleophile is not present, the
importance of the SN2 mechanism will increase.

Hydrolysis of diethyleneglycoldinitrate via reactions b) and ¢) will
be of roughly aqual, though extremely uinor, importance. The presence of
basas in the water will magnify their importance,

3. Sampling and Analysis

Several methods have been developed tv determine the alkylpolynitrates
in air and water samples. Quantitative separation and analysis of alkylpoly-
nitrates by gas chromatography with a hot wire detector was reported by Camera
and Pravisani (1964). They used short columns and low temperatures to prevent
decomposition rcactions. The method gave good separations and high precision,
However, nu lower detection was given.

Detection of nitrate esters in water to the 20 ppb level is possible
using a single-sweap polarographic wmethod (Whitnack and Becktel, 1976). This
syatem was developed for the Navy to monitor 1,2-propyleneglycol dinitrate
in their effluent. The method can be used &s a continuous monitor in a range
0f0.10 to 1000 ppm 1,2=propvleneglycol dinitrate in water,

Two methods of analysis of low concentrationa of nitrate esters in
air are reported in the literaturc. One method is based upon nitration of
m-xylenol in a aulfuric acid collection solution. The nitroxylenol is deter-
mined colorimetrically after isolation by steam distillation (Yagoda and
Golderson, 1943), In a gas chromatographic method, Camera and Pravisani (1967)
collected air samples by bubbling through ethanol. The ethanol solutions were
injected directly into a gas chromatograph equipped with an electron capture

detector. With a 10 { air sample volume, the sensitivities for various nitrate
eaters were

- ethyleneglycol dinitrate 0.08 mg/m3
= 1,2-propyleneglycol dinitrate 0,02 ms/m3

D. Uses in Army Munitions

1. Purposes

Diethyleneglycol dinitrate is used to produce the M-37 propellant
formulation. M-37 is manufactured by the solventless process. The formula-
tion is produced infrequently. At Radford AAP it has only been produced one
time in the plant's history, and that was in 1977. It has not been made in
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the other propellant manufacturing AAP's in recent ycars. Diethylenglycol-
dinitrate is produced on site at Radford AAP when needed by nitration of

diethyleneglycol.
2. Quantities Used
a, Historical Use \

A total of three 55 gallon drums (21500 1lb) of diethylene-
glycol dinltrate were produced and used at Radford AAP in 1977,

b. Current lse

Diethyleneglycol dinitrate is not currently used at Radford
AAP, and no future use is contemplated.

3. Docunented or Speculated Occurrences in Air or Water
The one-time use of diethyleneglycol dinitrate at Radford AAP proba-

bly resulted in no more than 15-30 1b of the material entering the environ-
ment. The point of entry was the waste effluent from the rolled powder area.

E. Uses in the Civilian Community

1. Production Methodology

Diethyleneglycol dinitrate is produced by the mixed acid nitratiom
of diethyleneglycol.
HNO,

HO-CH,,CH,~0~CH,CH,OH -azgaz ozno-cnzcnz-o-cnzcui-ono2

The reaction temperature must be kept low to prevent hydrolysis and oxidation.
Industrial scale yields arc maximized at temperatures between 10 and 15°C with
a 50:45:5 mixture of HNO :HZSO ¢ water. The weight ratio of acid mixture to
diol is 3.67 to 1. THe gndult ial yield is reported at 85X (Urbanski, 1965).

2. Manufacturers, Production and Capacity

Diethyleneglycol dinitrate is manufactured by the Trojan U.S. Pouder
Division of the IMC Chemical Group, Inc. The plant site is 55 miles south of
Salt Lake City near Spanish Fork, Utah. They producediethyleneglycoldinitrate
on order., Their current facilities have & capacity of twenty~five thousand
pounds per year which could be tripled with minor modifications (Irojan,

1977).
3. Usages

Diethyleneglycol dinitrate has no applications other than a high
energy plasticizer for propellants,
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4. Future Trends

No new civilian uses for diethyleneglycol dinitrat: are anticipated.
5. Documented or Speculated Occurrences in the Env. mnment,

There are no reported occurrences of diethyleneglycol dinitrate in
the environment from civilian manufacture,

F.  Comparison of Military and Civilian Usages and Pollution

Disthyleneglycol dinitrate is produced in borh the military and civilian
sactors on demand., It 4is not a high quantity item or a high quantity
polluter in either sector. Therefore, it does not rapresent a continuous
threat to the environment. With proper handling, it should not escape into
the environment in any significant quantities on those occasions when it is
manufactured.

G. Toxicological and Environmontal Hazards
1. Mammalian Toxicity

The toxicity of diethyleneglycol dinitrate has not been studied in
detail. However, all the nitrate esters are toxic to varying degreses. Their
toxicity is due to their ability to oxidize hemoglobin to methemoglubin.

They &lso depress vas:ular wall auscles causing peripheral vasodilation. This
vasodilator action results in a decrease in systolic blood pressure and an
increase in pulse and respiratory rates. The main symptom of nitrate ester
poisoning is a severe pressure headache. Vertigo or fainting may also

result (American Conference of Governmental Industrial Hygienists, 1971).

2. Aquatic Toxicity

Little, if any, research has bzen conducted on the distribution of
diethyleneglycol dinitrate in the aquatic environment. In its one time use
at Radford AAP, 165 gallons of diethyleneglycol were nitrated. Probably no
more than 15 to 30 1b, if this much, were lost to the New River. Since
diethyleneglycol dinitrate is heavier than and insoluble in water, it will
be found in the sediment. Hydirolysis ehould occur only very slowly in the
River. 1If this degradation occurs, microorganisms in the saediment could
then further degrade the diethyleneglycol.

3. Toxicity to Invertebrates, Microorganisms and Plants

No information was recrieved on the toxic effects of diethylene-
glycol dinitrate on microorganisms, invertebrates or plants.
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4, Availability of Literature for Phase I1

ﬂ Nu toxicological or environmental literature specific to diethylene-
' glycol dinitrate was found in thia prsliminary study. Toxicoiogical data may
be found in the older and foreign literature,

X H. Regulations and Standarde

There are no specific standards for diethylensglycol dinitrate. However, ‘
. a TLV of 0.20 ppm (1.5 ma/m3) for skin exposure is recommended for 1,2-
b propyleneglycol dinitrate (American Conference of Governmental Induatrial
' Hyglenists, 1971). Thia value is also the maximum acceptabls dose. A
similar TLV for diethyleneglycol dinitrate would be expected.

Disthylenaglycol dinitrate is not listed in EPA Toxic Substances Con- .
trol Act List of Candidate Chemicals (1977). DOT forbide shipment of ‘
diethylenoglycol dinitrate (Federal Register, 1976). :

1. Conclusions and Recommendations

Diethyleneglycol dinitrate is not used to any extent by either the
military or civilian aectora. The largeat use of this chemical appears to o
be in civilian propellant production. Diethyleneglycol dinitrate was used :
once at Radford AAP in M=37 propellant. Thus, this compound doam not present 11
a military use or pollution problem unleas the production of large quantities !
of M~37 propellant are anticipated in the future. Therefore, it is recow- P
mended that diethylsneglycol dinitrate only be evaluated in Phase II if :
production of large quantities of M=-37 is anticipated in the future.

e e ekt e 3TN gt
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SUMMARY

2-Nitrodiphenylamine is widely used as a stabilizer in double-base
solid propellant formulations, It is found in the formulations in concen=-
trations of 0.9 to 3.0%., Radford is the only operational Army Ammunition
Plant which 4s using 2-nitrodiphenylamine. Badger and Sunflower also
use this compound when they are operational.

Current use rate of 2-nitrodiphenylamine at Radford AAP is ~6000
1b/month, At full mobilization the Radford AAP use rate for this compound
is 6000 ~ 7000 lb/month. It 1is expected that at full mobilization the
usage of 2-nitrodiphenylamine at the Badger and Sunflower AAPs would be
approximately the same as at Radford AAP. Thus a total of 252,000 lb/year
of 2=nitrodiphenylamine could be used by the Army.

There 18 only one civilian producer of 2-nitrodiphenylamine. The
civilian capacity is estimated at >250,000 lb/year. The only civilian use
of 2=nitrodiphenylamine is as a chemical intermediate in the dye industry.
However, civilian companies that make molid rockets could purchase some of
this compound. The extent of these purchases is unknowm.

At current production levels, Radford utilizes ~40% of the estimated
rivilien production capacity of 2=-nitrodiphenylamine. With three plants
nt full mobllization, tha Army would purchase ~100% of the astimated
civilian production capacity of this chemical. Under current operational
conditions, the Army is also one of the main polluters of 2-nitrodiphenyl-
anine, The percentage of the total 2-nitrodiphenylamine pollution eminating
from Army propellant manufacturing is impossible to determine, due to
the unavailability of civilian production statistics.

Limited nammalian toxicology studies indicate 2-nitrodiphenylamine
is not very toxic in acute doses (LD50 for rats = 6,15 g/kg). Limited studies
concerning the toxicity of 2-nitrodiphenylamine to fish and invertebrates
show that this compound is highly toxic to aquatic organisms with LC50's
ranging from 1.8 to 5.6 ppm. Reaction of 2-nitrodipheny;amine in the
environment could lead to more toxic compounds.

Although 2-nitrodiphenylamine is not a military unique compound
the military is one of the major users and polluters of this chemical
Preliminary evidence indicatea a high potential environmental danger from
2-nitrodiphenylamine. It is therefore recommended that 2~nitrodiphenylamine
be included in the Phase II detailed toxicological and environmental studies.
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FOREWORD

This report details the results of a preliminary problem definition
study on 2-nitrodiphenylamine, The purpose of this study was to determine
the Army's responsibility for conducting further research on 2-nitrodiphenyl-
amine in order to determine its toxicological and environmental hazards so
that effluent standards can be recommended., In order to determine the Army's
respongibility for further work on 2-nitrocdiphenylamine, the military and
civilian usage and pollution of this chemical were evaluated, In addition,

a preliminary overview of toxicological and environmental hazards was con-
ducted,

2-nitrodiphenylamine was only one of the 48 chemicals evaluatad under
Phase 1A of contract No. DAMD17=-77-C=7057, These chemicals are grouped in
four categories

explosives related chemicals
propellant related cheaicals
pyrotechnics

primers and tracers

Each category is a major report, Section I of each report is an overview of
the military processes which use each chemical and the pollution resulting
from the use of these chemicals, The problem definition study reports on
each chemical are separable sections of these four reports.

In addition a general methodology report was also prepared. This report

describes the saarch strategy and evaluation methodology utilized for this
study. ’ .

L‘

a g Tl
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V, 2-NITRODIPHENYLAMINE

A Alternate Numes

J=uitrodiphenylamine has the following structure:

and a corresponding molecular formula of CyHigNa0s. It has a molecular
welght of 214,23g/mole, Pertinent alternate names for 2=nitrodiphenylamine
are listed below:

CAS Reglistry No,t 119=75=5

CA Name (9C1): Benzenaming, 2=nitro=N-phenyl=-
CA Name (BCl): Diphenylamine, 2-nitro-
Wiswesser Line Notation: WNR BMR

Synonyms C.I. 10335; 2=-nitrodiphenylamine;

o=nitro=-N-phenylaniline; o=-nitro-
diphenylamine; Sudan Yellow 1339

B, Phvaical Properties

The physical properties of 2-nitrodiphenylamine are presented in
Table V=1,

Table V-1, Physical Properties of 2=nitrodiphenylamine®,

Physical Form @ 20°C: orthorhombic cryvatals
Color: red-brown

MJP,t 75=76°C

B.P,: 223 @ 20 mmHg
Specific Gravity: 1,366

* References: Prasad and Shanker, 1936; Hawley, 1977; Lange, 1946
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The infrared spectrum of this compound i8 shown in Figure V-1,

Figure V-1, Infrared Spectrum of 2-nitrodiphenylamine
(Pouchert, 1975).
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The ultraviolet spectrum of 2=nitrodiphenylamine in methanol shows thrae
absorption maxinmum (CRC, 1974):

Amax = 424 nm £ » 6,770
258 nm 14,400
218 nm 13,700

C. Chemical Properties

1. General Reactions

The chemistry of 2-nitrodiphenylamine has not been widely raported
in the literature. Its chemical behavior can be expected to parallel
atructurally similar compounds, Much of the chemistry of diphenylamine
should be applicable to the 2-nitro derivative,

The amine proton should be labile, Treatment with sodium metal
will form the anion (Kirk and Othmer, 1964),

o

NO2 NO

Na N +*
ey [:::I’ + Na

-z
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2=nitrodiphenylamine will easily undergo electrophilic aromatic
substitution., JSubstitution will occur primarily on the un-nitrated ring.

z NO2 R NO2 z NO2
o0 — OO0 - OO0
Cl Cl

predominates

Oxidative coupling of two molecules is possible. Nitrogen-nirrogen
coupling will be more difficult due to increased steric hindrance, Coupling
through the aromatic rings could lead to a mixture of four products (Rirk and
Othmer, 1964),

oy 80
Ty IO

Treatment with an organic acid chloride followed by heating may form nitro~
acridines (Rivk and Othmer, 1964).

Hyc0C
U wo | no ¥o
@"@ + aagons —> 0 = O
- 20
)
2-nitrodiphenylamine is also structurally similar to o-nitroaniline,
2
NQy
o=nitroaniline
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c-nitroaniline 18 reduced to phenylenediamine by iron (Schenk, 1960).
An analogous reduction of 2-nitrodiplienylauine would be expected to yisld
2=aninodi{irhenylamine,

H NO, H M,
N Fe N -
0> U0

2. Environmental Reactions

The photochemistry of 2=-nitrodiphenylamine has not been reported
in the literature, It might be expacted to parallel the photolyses of sither
diphenylamine or nitrobenzens, More likely, 2-nitrodiphenylamine will ex-
hibit photochromism, a photoinduced isomerization, analogous to 2,4=-dinitro-
diphenvimethane (Dessauer and Paris, 1963),

hy
=D B WO
dark
'02

N~=OH

Upon irradiation, 2=-nitrodiphenylamine would isomerize to its photochrome.
The reaction would reverae itself thermally.

oE 2 OO
A

0o OH
3. Sampling and Analysis

Analytical techniques for 2-nitrodiphenylamine have been developed
primarily for its determination in propellant compositions. Gas chromato-
graphy allows determination of 2-nitrodiphenylamine in single and double base
propellant extracts, Low injection port temperatures must be used to avoid
decomposition of nitroglycerin resulting in nitrations., Analyses of trie
acetin, phthalate esters, resorcinol, and dimethyl sebacate are carried out
simultaneously (Trowell and Philpot, 1969; Trowsll, 1970).

2=-nitrodiphenylamine can be determined spectrophotometrically by UV
absorbance at 420 nm., Dry column chromatography has been reported as a

-138- (V-12)
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successful extractive technique (Landram et al., 1970),

Liquid chromatography has been recently developed for the analysis
of 2-nitrodiphenylamine. UV absorbance at 254 my allows quantitative deter-
mination, This technique has been shown to allow reliable analyais of
2-nitrodiphenylamine in the presence of dinitrodiphenylamine derivatives
(Doali and Juhasz, 1975).

D, Uses in Army Munitions

1, Purposes

2=-nitrodiphenylamine is widely used as a stabilizer in propellant
formulations, although generally in small quantities, Formulations which
specify 2-nitrodiphenylamine are listed in Table V-2, These propellants

Table V=2, Usa of 2-nitrodiphenylamine in Propellants
(Hercules Inc., 1977),

Formulation % 2-nitrodiphenylamine in formulation
AAH Casting Powder 1,020,15
'ARP Casting Powder 2,0£0.15
PNJ Casting Powder 1,95
N=-5 2,0
N=14 2.00.5
NOSIH=-AA=-2 2,0£0,5
NOSIH-AA-6 2.0
M-36 1.522,5
NOSIH=AM-2 2.020.5
N-12 2,0£0.,5
RAP 0,9
0TTO FUEL Il 1,421.6
PNJ for TOW 1.66

are double bas: propellants, produced by both solvent and solventless
processes, 2-nitrodiphenylamine is in current use at Radford AAP, and has
been used at Badger AAP and S:nflowar AAP wl.an they were in operation.

2-nitrodiphenylamine stabilizes the propellants by reacting with
NO and NO; formed by degradation of nitrate esters. 1lhe reaction products
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formed are N-nitrosonitrodiphenylamines, dinitrodiphenylamines and N-nitro-
sodinitrodiphenylamines (Richardson, 1975).

T e

2, Quantities Used
a. Historical Uge

During the period 1968-1977, Radford AAP purchased an average
of 69,200 1bs of 2=-nitrodiphenylamine ennually, Production statistics for
this period indicate that about 90%Z of the 2-nitrodiphenylamine in propellants S
‘ was used for solventless double bas2 propellants, predominantaly che N~5 and R
: NOSIH=-AA-6 formulationa. The remainder was used in solvent process double g
base casting powders including the AAH, ARP and PNJ formulations. However, {
propellant production accounted for only 48X of the 2«nitrodiphenylamine pur- ;
: . chased, The specific amount of 2-nitrodiphenylamine processed by RAAP during .
v 1968=1977 is shown below' (Natts, 1978): |

1068 1969 1970 1871 1972 1873 1974 1873 1826 1871

— -3 — —— i

A
E
;* 262,800 40,000 o £,90 79,800 57,250 101,400 12,300 32,200 97,100

b, Cuvrent Use

: During 1977 the average use rate of 2-nitrodiphénylamine at : . |
Radford AAP was 4,600 lb/month, Based upon December 1977 production of pro- i {
pellants, the following amounts of this chemical were used: x

Lb produced Lbh 2-nitrodiphenylamine .
Propellant Decembar, 1977 Used !
ARP Casting Powder 100,000 2,000 . 3
NOSIH-AM-2 44,000 880 i
M-36 27,000 540 :
N=5 134,000 2,680 !

1
|
n
6,100 |
These figures show *hat in December 1977, 2-nitrodiphenylamine was cunsumed ' |
at about 133% of the average rate for 1977. !
i
{
|

C. Use at Full Mobilization

The full mobillization use rate of 2=-nitrodiphenylamine is |
about the same as the use rate in Decembar 1977, Z.s.,, 6,000-7,000 1b/month. '
Not all of the items requiring 2-nitrodiphenylsmine can be pioduced at the
same time, as they use comnon facilities.

|
|
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3. Documented or Speculated Occurrences in Air or Water

The actual concentration of 2-nitrodiphenylamine in waste streams
has not been measured. Effluents containing 2=nitrodiphenylamine would be
expected to derive from the following svurces:

- Preparation operations including weighing, grinding or
classification, Dust or particulates are collected in
wet scrubbers, from which both solid wastes and contami-
nated effluents may be generated,

- Residues from washdown operations generate effluents which
are filtered and discharged, Collected solids are trans-
ported to the burning grounds,

- Process water from manufacture of propellants by the sol-
vent process, These effluents appear in the C-line waste
water stream, the 48 inch general purpose sewer and the
solvent recovery area discharges,

- Process wastes from solventless propellant manufacture.
These cffluents appear in the rolled powder area waste
streams,

Approximately 1-6% of the double basa propellants produced are lost
during processing operations (Smith and Dickenson, 1974), This percentage
could account for 60=360 lb/month of 2-nitrodiphenylamine in the affluants at
Radford AAP. In addition, 3-5% of the 2-nitrodiphenylamine handled may be
lost during preparation operations., Thus, the total amount of 2-nitrodiphenyl-
amine in waste streams mey be 240-670 lb/month, This figure is also applicable
to full mobilization operations,

2-nitrodiphenylamine is sparingly soluble in water. Thus, much of
the lost material may be recovered us solids in the effluent stream filters,
The amount actually reesching the New River as a solute in effluent stieams is
estimated at 1/3 to 1/2 the total lost, or 80 to 200 lb/month. The presence
of 2-nitrodiphenyiamine has been detected in sediment samples from the New
River bottom. Near outfall 22, core samples were found to contain from <0,5
to 12,2 mg/kg of 2-nitrodiphenylamine (Glennon, 1977).

E. Uses in the Civilian Community

1, Production Methodology
2-nitrodiphenvlamine can be produced on an industrial scale by re-

acting ortho-nitrochlorobenzene with aniline in the presence of anhydrous
sodium carbongte powder,

~-141- (V=15)
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'NOy

cl 2 z “°z
@ + * Na,C0y ——> @ + NaCl + COg + Hp0

Excess aniline is uwsed for the reaction medium. The water which forms ia re-
moved as an anlline:water azeotrope. The reactlon runs for nine hours,
2-nitrodiphunylamine 1s recovered by washing and recrystallization., The
yvield is 96% (Desseigne and Rabussier, 1957),

2. Manufacturers, Production, and Capacities

The only U,8, producer of 2=-nitrodiphenylamine is the American
Cyanamid Co. They operate a plant of unknown vapacity in Marietta, Ohio
(S,R.1., 1977), 2enitrodiphenvlamine iw manufactured axclusively for sale
(American Cyanamid, 1977a). Historical production statistics are unavaile-
able dus to their proprietary nature,

3, Usages

The only civilian use for I=-nitrodiphenvlamine is as a chemical
incermadiate in the dye industry,

4, Future Trends

No future applications for 2-nitrvodiphenylamine in the civilian
sector are anticipated.

L Speculatad or Documanted Occurrences in the Environment

Occurrences of 2-nitrocdiphenylamine in the environment f{rom
civilian production or use have not been reported.

F, Comparison of Military and Civilian Uses and Pollution of 2=-nitro-
diphenylamine

S§ince American Cyanamid 1e the only U.S, producer of 2-nitrodiphenyla~
mine, it is not possible to obtain production statistics. From Radford pur-
chases, production capucity of 2=-nitrodiphenylamine must be >250,000 1lb/yr,
The amount of sales to the dye industry is also not available., Howaver, it
appears that the Army 1s one of the main users of 2e-nitrodiphenylamine and
probably one of the major polluters as well,

G, Toxicological and Environmental Hazards

1, Toxicity to Mammalwe

.

Only limited toxicological studies with 2-nitrodiphenvlamine have
been conducted, The oral LDSO of 2-nitrodiphenylamine for rats is 6.15 g/kg
(American Cyanamid, 1977 A 24 hour LD50 for skin contact in rabbits was
determined to be >10 g/kg. American Cvanamid (1977b) did not observe any
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irritation when 2=-nitrodiphenylamine was applied to rabbit eyes or akin,
This data indicates 2-nitrodiphenylamine has a low toxicity,

2. Toxicity to Aquatic Organisma

Levels of 2~nitrocdiphenylamine in the aquatic environment have
received little attention. Weitzel gt al. (1976) found 2-nitrodiphenylamine
levels in the sedimunt in the New River ranged from 0,5<12.2 ppmwith a mean of
about 1.5 ppm. These levels are low dus to losses in the analytical procedure.
Warner ¢t al, (1978) determined the acute toxicity of 2=nitrodiphenylamine
to aquutic organisms (Table V=3)., They found 2-nitrodiphenylamine was moat
toxic to Daphnia magna. Their study indicates that 2-nitrodiphenylamins
and diphenylamine have a similar toxicity.

‘Radford AAP currenctly uues 6000~7000 1b/month of 2-nitrodiphenylamine.
This use rate is approximately the same as it would bs at full mobilization.
It has been estimated that 80 to 200 lb/month would be released into New
River. Table V-4 shows the concentrations of 2-nitrodiphenylamine that could
occur at different flow rates and mixing percentages. From these data,
2-nitrodiphenylamine can ba toxic to aquatic organisms in a limited area
of the river. Data from Weitzel ¢t al. (1976) substantiates our sstimates.
They found effluent water levels of 2-nitrodiphenylamine ranged from l-14
ppm, with a mean of 3.3 ppm. If the sffluent mixes with 10X of the river
flow, the concentration of 2-nitrodiphenylamine is approximately 40 ppd,

Upon release into New River, 2-nitrodiphenylamine would probably
react in a similar way as diphenylamine. 2-nitrodiphenylamine would build
up in the sediment and undergo various nitration reactions. 2-nitrodiphenyl-
amine could be degraded to amino-diphsnylamine which has a greater toxicity
(Weitzel et al., 1976). Other problems could occur with various 2-nicro-
diphenylamine derivatives and their toxicity to aquatic organisms.

3. Toxicity to Microorganisms and Plants

No Jdata was retrieved on the toxicity of 2-nitrodiphenylamine to
microorganisms or plantas,

4, Availability of Literature for Phase II
The only toxicological data on 2-nitrodiphenylamine obtained was
from the manufacturer's data sheet and U, S. Army Medical Research and
Development Command-sponsored studiea, Information for a Phase II atudy
would have to come from ths manufacturar and foraeign literature.

H. Standards and Regulationa

There ars no specific United States' atandards or regulations for 2-
nitrodiphenylamine. Thie compound is listed in EPA's "Toxic Subatances
Control Act Teat of Candidate Chemical Substances;" however, EPA does not

=143= (V=17)

e e e e



mﬂ".mmnw""""‘. Tt e

Table V=3. Acute Toxicity to Aquatic Organisms of

2-nitrodiphenylamine.,
Species Hours LC30 (ppm) Referance
4 . W .
Dap')'mia magma :8 «:i'g arncr"at al
Fathead Minnow 24 3.88 "
(Pimephalee promelas) 48 <3.88 "
" " 96 2.14 "
Grean Sunfish 9¢ <5.86 "

(Lepomis oyanellus)

Table V=4, z-nitrodiphmyimim Levals (ppm) in New River
at Full Mobilization,.w

Degrae Low Flow Average Flow
of mixing (336 mgd) (2500 mgd)
‘ 1X 0.22 0.03
| 10X 0.022 0.003
1 100% 0.0022 0.0003

*based on lomses of 200 lb/month

; -144- (v-18)

s

s

it 2 Tt

el ms T e,




£y

have any plans for further studies on this compound in the near future.
I. Conclusions and Recommendations

The goal of this preliminary problem definition study on 2-nitro-
diphenylamine was to assess the Army's responsibility for sponsoring further
studies on this chemical. From the information gathered during this study,
the following conclusions can be drawn:

1. Although 2-nitrcdiphenylamine is not a militarily unique chemical,

the Army's propellant production is the major user and polluter of the
c¢hemical,

2. Although this compound is relatively non-toxic to mammals, it

ia highly toxic to aquatic organisms. Any discharge represents a serious
environmental hazard.

On the basis of the results for this preliminary study, it is recom-
mended that 2-nitrodiphenylamine bs included in the detailed Phase 1lI
evaluation, If sufficient information is not available in the foreign
or older literature on the environmental fate of 2-nitrediphenylamine,
laboratory studies should be conducted to determine:

= Microbial) transformation of this compound.

= The ability of the planned treatment processes to sffectively
remove the compound from the waste streams.

« The toxicity and environmental fate of degradation products.

=148~ (v=19)
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SUMMARY

TR
ey ey B

N-nitrosodiphenylamine is not used by the Army in its munitions
1 production. This compound is formed in solid propellants as a result of the
4 reaction of diphenylamine with NO, The NO is produced from the degradation
of nitrate ester explosives in the propellant. N-nitroscdiphenylamine is
present in the effluents from propellant manufacture. Maximum discharges
of this coumpound at full mobilization are estimated to be 360-600 1lb/year. 3
However, it could ba formed in the environment by the action of miero- ’ K.
organisms, Studies have indicated that N-~nitrosamine can be formed s
microblally from diphenylamine and nitrate.

S

ey e et T

N~-nitrosodiphenylamine is produced comercially by four companies., Its :
only use is as a vulcanization retarder for rubber. However, N-nitrosodi- { 4
phenylamine is being replaced by stercid-type retarders by the rubber industry. ¥

The toxicity of N-nitrosodiphenylamine in acute dosaes is low (LD50 for
rats is 5360 mg/kg). This compound has been teated for its carcinogenic po=
tential, It has been found to be non-carcinogenic. The aquatic toxicity ey
of this compound is unknown, '

: From the information evaluated in this study, it is concluded that 4

} Nenitrosdiphenylamine is not a military unique chemical. Any potential q
effects of this compound on the aquatic ecosystam would be overshadowed

by those of diphenylamine. Therefcre Nenitrosodiphenylamine should be a . K

1 low priority chemical for further study by the Army. 4
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FOREWORD

This report details the results of a preliminary problem definition
study on Nenitrosodiphenylamine, The purposs of this study was to determine
the Army's responaibility for conducting further research on Nenitrosodi-
pheanylamine in order to determina its toxicological and environmental hazards
so that effluent atandards can ba recommended. In order to determine
the Army's responsibility for further work on N-nitrosodiphenylamine, the
milicary and civilian usage and pollution of this chemical were evaluated,

In addition, a preliminary overview of toxicological and enviroumental
hazards was conducted,

N-nitrosodiphanylamine was only one of the 48 chemicals evaluated under
Phase 1A of contract No. DAMD17-77=C=7057, These chemicals arae grouped in
four categorias

explosives raelatad chemicals
propellant related chemicils
pyrotechnics

primars and tracers

Each catagory is a major report. Section I of sach rsport is an overview of
the military processes which use each chemical and ths pollution resulting
from the use of these chemicals. The problem definition study reports on
sach chemical are separable sections of these four reports.

In addition, a general methodology report was also prepared. This report

dcngribos the search strategy and evaluation methodology utilized for this
study.

!r ~ 4
[
X

-
(R AN

WECKIING PAS BLANK

e v et s T
e R WS A e TS R

=133=

(VI=5)

By

4 Y
SN
&wwf

by




TABLE OF CONTENTS
Page
SUMMATY o o o o ¢ o o ¢ 2 6 ¢ 2 ¢ o 8 ¢ ¢ 5 s 6 0 8 0 06 0 0 8020y VI-3
Foraword . . o o ¢ « o ¢ o 0 ¢ 6 s ¢ 6 8 04 6 8 8 05 8 08 s 0 s, VI=S
Ai  Alternate Names , , . . s s v s 0 s s 0 0t 0 s e s 000 0. VIS
Bs Physical Properti@s . , , . v s ¢ ¢ o ¢ o s ¢ s 06 0 06+ ¢+ VIO
C, Chemical Properti@s , , , « v o ¢ ¢ s s 5 o 4 s 0 s 5 0 s s VI-LO

1, General Reactions S 4 5 6 5 4 8 8 8 8 % e 4 & 0 8 4 s Vi-10
2, Environmental Reactions . . 4, « 4 « ¢ ¢ ¢ s s o s & o VIell
3, Sampling and Analysis , . . o ¢ ¢ o ¢ s 6 6 46 o 4 2 s VI=ll1

D. Usea in Army Munitions . « o o s ¢ o s o4 s v ¢ o s o ¢ o s VI=ll

1, Purpolu € 6 4 6 8 6 b 0 & b s e s a0 e s e e e s e s VI=ll
2, Quantities Used . & & o : ¢ 0 s 0 v s 0 s 0 s e s 0 VI=12 3
3. Documented or Speculated Occurrencea in Air or Water , VI-12 L

E, Uses in Civilian Community . 4 4 4 o s o s s o 8 o o s « » VI=12

‘ l, Production MethodologY . v « s « ¢ o o o ¢ o s s o ¢ o VI=12

- 2, Manufacturers, Production, and Capacity .+ « ¢+ ¢« o + « VI=l13
3. U‘.g“.ooolcﬁauOQOAIQ0000000000VI-la
40 Future Trends -oooooooo‘o-nao-oooccVI'J-‘.'

5, Documanted or Speculated Occurrences in the
Environment .ll.OCOOICCOIOOODQI..VI-14

F, Comparison of Military and Civilian Uses of
N‘ﬂith'Odiph.ﬂ)’lmiflﬂ C e e b e b s e e e s e VI=)

G. Environmental and Toxicological Hazards of !
N-nitrosodiphenylaming , . o o + ¢ v o ¢ o o s ¢ ¢ s » ¢ & VI=l4 J

1, Mammalian ToXiCltY ., o o o o ¢ o ¢ ¢ v o ¢ & ; ¢« o0 VI=l4
2, Aquatic Toxicdty , & o o o o o 4 o o o 0o ¢ 03 4 s s o« VI-1S ! :
] 3, Toxicity to Microorganisms . . . & « 4 « ¢ o ¢ ¢ o ¢ o+ VI-15 i
! 4, PhytO:OXiCicy ® 4 s s 4 0 s s s 8 s 0 06 0 s e v a0 s VI=1l6 !
,“ 5. Environmental Fat® + + ¢ ¢ « ¢ ¢ v o o ¢ 0 2 ¢ 2 0 s 2 VI=16
5 6. Literature Avallability for Phase II . « + « « + o« s « VI-16
H. R.a“l.tionl and Standards ¢ ¢ ¢ ¢« s ¢ 4 2 e 0 s 20 s s 0 o VI=16 s
1, Air and Water R.aulﬂtion.l e+ ¢ o 8 o v s a0 s s s s VI-16
2, Hoalth Standards + « ¢ ¢ o« ¢ ¢ o v o ¢ 5 ¢ ¢ 0 5 s s & Vi=l?7

I. Conclusions and Recommendations « o« ¢ o o o o o ¢ o o o ¢ &+ VIel?

1 Js Referances ..onouocuono-ou-oounloooVI'19




R A e s i

Number

wm W N

Table of Contants

(Continued)

LIST OF TABLES

Page

Physical Proparties of N-nitrosodiphenylamine . . . o VI-9 ‘;

N-nitrosodiphenylamine Producers « « « s ¢ o o + o » VI-13
U. 8, Production of Nenitrosodiphenylamine . . . . s+ VI-13 .
Acute Toxicity of Nenitrosodiphenylamins to Mammals » VI=1S I
Degradation of N=nitrosodiphenylamine ¢ « ¢ + o+ ¢« o« VI-1l6 (
2
t
!
i
f.

.'._.'I‘J_'..

W {




et Gt

\

g

VI. N-nitrosodiphenylamine

]~ A, Alternate Names

; N=nitrosodiphenylamine is a nitrosamine having the following structure:

The molecular formula of this compound is Cj3Hyqoll90 corresponding to a molecu-
] lar weight of 198,23 g/mole. Alternate names for Ne-nitrosodiphenylamine are
listed below:

| CAS Regirstry No.: 86~30-6
‘ CA Name (9 CI): 3enzenamine, N-nitroso-N-phenyl-
i CA Name (8 CI): Diphenylamine, N-nitroso-
! Wisvesser Line Notation: ONNRSR
Synonymns: . Diphenylnitrosamine; N-nitroso-N-

f ' phenylaniline; N-aitroso~diphenylamine;
Nitrosodiphenylamine; Redax, Retarder
J; Vulcatard A; Vulkelent A; Vultrol

! B, Physical Properties

The physical properties of N-nitrosodiphuaylamine are presented in Table
VI-l. The infrured spectra of N=nitrosodiphenylamine ghows absorption at
3050, 1590, 1490, 1480, 1440, 1300, 1180, 1150, 1080, 1040, 990, 900, 750,
740 and 690 cm~l (CRC, 1974). The ultraviolet spectra of the compound in
ethanol has an absorption maximum at 290 nm (Davidoon, 1974).

Table VI-1l. Physical Properties of N-nitrosodiphenylamine.

Pbysical Form @ 20°C: solid
\ Color and Crystal Form: yellow to brown ot crange powder or flakes
: Odor: mildly amine
M.P.: 64-66°C
Specific Gravity: 1.23
3 Solubility: water -~ practically insoluble. Soluble in ace-

tone, benzene, alcéohol and ethylene dichloride.
Somewhat soluble in gasoline

®*References: Hawley, 1977; American Cyanamid Company, 1974.
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C. Chemical Properties

1. General Reactions
N-nitrosodiphenylamine, like other asromatic compounds, will undergo
electrophilic substitution on the aromatic ring. Its reactivity is compara-

ble to benzene due to the delocalirzation of the amino unshared slectron pair S
to the nitroso function. .

=@ . Noetfls” ;

Halogenation will occur in the presence of a catalyst,
N=0 Ns) i
|

@NOWZ% @@ |

Direct nitration does not occur, In the presance of nitric aeid. N—nitronodi— J
phenylamine undergoes the Fischer-Hepp rearrangement to C-nitrosodiphenylamine
which iy immediately oxidized to C-nitrodiphenylamine. Migration of the nitro-
so group to the para position of the ring predominates.

-
s

oo~ ool oo,

In aqueous HCl the arrangment ocrurs without subsaquent oxidation, . %

N-nitrosodiphenylamine raadily acts as a donor of the nitroso group. . ;
Transnitrosation between N-nitrosodiphanylamine and N-methylaniline occurs at : 1
normal temperaturez in dilute acid. -

N=0 - '
) NH-CH NCH3 N

00 oo e
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Kinetic studies indicats that che reaction is a direct transfer of the nitroso
group rather than transfer procesding via free nitrous acid (Clhallis and
Oshorne, 1972).

2. Environmental Reactions

The photolysis of N-nitrosodiphenylamine in an organic solvent at
low temperatures has been invastigatad., Irradircion at 250 to 300 nm produces
two spacies (Lewis and lLipkin, 1942),

? =0 | o
hy ' + H
S0 T OO OO0
Thess products may undergo a number of poasible reactions ineludiﬁg radical

coupling and electrophilic substitution«to form compounds similar to those
shown balow, . :

30 0 .
@'“‘O_.

3. Sampling and Analysis

N-nitrosodiphenylamine may be analysed by several methods including
gas chromatography, ultraviolet spectroscopy and thin layer chtomatography.
However, analytical results vary significantly depending on the cars taken
in the purity of solvents, preparatery procedures and axposure to light,

If the solvents are impure or the solutione are exposed to light, denitrosation
rapidly occurs changing the analytical results (Davidson, 1974). Denitro-
sation also occurs in the gas chromatography. This denitrosation is repro-
ducible, but not stoichiomstris. The presence of diphenylamine is a
significant interference in all analytical methods and its presence must

be quantitated in order to assess the amount of N=nitrcsodiphenylamine
present in the sampla.

D. Uses in Army Munitions

1. Purposes

N=nitrosodiphenylamine is not a component in the formulation
of propellants. It is a degradation product of diphenylamine, which
appears as the propallant ages. The ratio of N-nitrosodiphenylanine to
diphenylamine in the propellant is used as a measurs of the quality of the
propellant (Richardson, 1978%).
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N=nitrosodiphenylamine is formed when diphenylamine reacts with
NO produced from degradation of nitrate esters. The N-nitrosodiphenylamine
also acts as a stabilizer. This compound further reacts with NO or NOj
to form nitrodiphenylamines and Ne-nitrosonitrodiphenylamines (Richardason,
1975).

2. Quantities Used

Since N-nitrosodiphenylamine appears only as a degradation product,
only very small amounts would be expected to appear during the propellant
manufacturing process. It i{s anticipated that a maximum of 1X of the di-
phenylamine lost is converted to N-nitrosodiphenylamine. This conversion
rate would es.count for 3 to 5 lb/month at current production rates and 30
to 50 lb/month at full mobilization rataes,

3. Documented or Speculated Occurrences in Air or Water

N=nitrosodiphenylamine would appear in any affluent stream which
receives diphenylamine., Since diphenylamine is used for single base
propellants made by the solvent process, the C=line waste streams at Radford
AAP may contain some N=nitrosodiphenylamine., There has never been a
quantitative measurement of this material in plant effluents, however.

Since Nenitrosodiphenylamine iz not added to the propallant
formulations, there are no losses associated with chemical preparation
steps. This reprasents a major source of losses for most propellant
additives,

It is unlikely that diphenylamine is converted into N-nitroso-
diphenylamine after it is leached from propellant particles and enters
the effluent streams as a soluta. The concentration of diphenylamine is
only & few parts per million at most, so the transformation is not
probable (Glennon, 1977).

E. Uses in the Civilian Community
1. Production Methodology

N=-nitrosodiphenylamine is produced commercially by direct
nitrosation of diphenylamine (American Cyanamid, 1978).

Nm 0

saell Nege
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Nitrous acid is generated in situ by the addition of sodium nitrite to
\ j" strong acid. A non-oxidizing acid such as HCl must be used to prevent
migration of the nitroso group onto the aromatic rings.

2, Manufacturers, Production, and Capacity

Manufacturers of N-nitrosodiphenylamine are listed in Table VI-2
(S.R.I. 1977).

' Table VI=-2. Nw=nitrosodiphenylamine Producers,

i American Cyanamid Co., Organic Chems. Div. Bound Brook, N.J.
‘ The B.F. Goedrich Cv., B.F. Goodrich g
Chem. Co. Div. ~ Akron, Ohio [f
'( The Goodyesr Tire & Rubber Co. Akron, Ohio

2 Unireyal, Inc., Uniroyal Chem., Div. Naugatuck, Conn.

American Cyanamid manufactures N-nitrosodiphenylamine for sale under the
trade name Retarder 2N. B.F. Goodrich, Goodyear, and Uniroyal manufacture
N=nitrosodiphanylamine for use in their rubber products. Production
capacitias are not available.

Table VI-3 contains the reported U.S8. production of N—nitrouo-
diphenylamine since 1969 (U.8, Tariff Commission). i

Table VI-3. U.S. Productionl of N-nitrosodiphenylamine. '

1969 1970 1971 1972 1973 1974 1975 1976

2047 1528 1660 2018 2485 3496 1680 1307

R SN

S EERET

1, in thousand pounds ;
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3. Usagas

N-nitrosodiphenylamine is used exclusively as a vulcanization
retarder in the rubber processing industry.

4, Future Trands

N-nitrosodiphenylamine is being replaced in the rubber induastry
by steroid-type ratarders, This phasing out is dus to concern over
N-nitrosodiphenylamine's toxicity and possible carcinogenicity (Salisbury
Labs, 1978),

5. Documented or Speculated Occurrences in the Environment

There are no reports of N-nitrosodiphenylamine in the civilian
anvironment from civilian manufacture or use,

F. Comparison o: Military and Civilian Uses of N-nitrosodiphenylamine

The military does not intantionally produce N-nitrosodiphenylamine
in its propellant manufacturing facilities. This compound is a by-product
formed by the reaction of the diphenylamine stabilizer with NO produced
by degradation of nitrate estars. Maximum environmental discharge of
this compound would be ~ 30=-50 lb/month or 360-600 lb/year from sach ocperat~
ing plant at full production capacity, Thus ths maximum military discharge
at full mobilization of Radford, Badger and Sunflower would be 1800 1b/year.

Nenitrosodiphanylamine is produced by tha civilian community as a
rubber stabilizer. Over 1 million pounds are produced annually in the
United States. Although no figures are available for environmencal
discharges from civilian production and usage of N=-nitrosodiphenylamina,
a 1% losa would not bs unreasonable. Based on 1976 production rates, a
1% loss would result in an environmental discharge of 13,070 1lb/ysar.
The projected maximum military discharge is only 14X of the present civilian
discharge of N=nitrosodiphenylamine. Current military discharges are
only 0.5X that of the civilian community.

Thus, N-nitrosodiphenylamine is not a military unique chamical at this
point in time, Howaver, in the future it may be a military unique compound
dus to the replacement of N-nitroscdiphenylamine by other compounds in the
rubber industry.

G. Environmental and Toxicological Hazards of N-nitrosodiphenylamine
l. Mammalian Toxicity
The acute toxicity of N-nitrosodiphenylamine has been determined

in the rabbit and mouse by oral administration and skin contact. The
resulting data are compiled in Table VI-4,
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Table VI-4, Acute Toxicity of N-nitrosodiphenylamine to Mammals.

Route of Dose
Species _ Administration mg/kg _Effect Reference
Mouse Skin Contact 1000 TDLo Bionetics
Research Lab.
Mouse Oral 410 TDLo "
Albino rat Oral 5360 LD50 American Cyanamid
Company, 1974
Albino rat on clipped >5000 24 hr LDSO "
skin

Inspection of the Table indicates that N-nitrosodiphenylamine has a low
toxicity. No irritation was observed when N-nitrosodiphenylamine waa
applied to rabbit eyes or skin.

N-nitrosodiphenylamine has been tested for carcinogenic potency.
It is considered noncarcinogenic and is thus one of the few N-nitroso
compounds which does not produce cancer.

2.  Aquatic Toxicity

No literature concerning the aquatic toxicity of N-nitrosodiphenyl-
amine was retriaeved. However, due to the low mammalian toxicity combined
with the limited water solubility and limited lifetime of N-nitroso-
diphenylamine, this compound should present little toxicity to aquatic
organisms unless released in massive amounts.

3. Toxicity to Microorganisms

Little if any resesarch has been conducted on the growth
inhibition or toxicity of N~nitrosodiphenylamine to bacteria. However,
N=nitrosodiphenylamine can be degraded by microorganisms. Tha percent
breakdown of N~nitrosodiphenylamine by several bacteria is shown in
Table VI-3. As seen in the Table, Streptococous faeoalis strains
consistently metabolize N-nitrosodiphenylamine. Rowland and Grasso (1975)
also observed that the lowar the concentration of N-nitrosodiphenylamine
the more efficient the degradation. Nitrate ion and diphenylamine are
the products of the degradation.

While more information about N-nitrosodiphenylamine is needed,

it is apparent from this data that N~nitrosodiphenylamine is degradable.
Thus & low release should not be highly toxic to microorganisms.
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Table VI-5. Microbial Degradation of N-nitrosodiphenylamina . ) ,&
(Rowland and Grasso, 1975) i

Straias Percent :
Bacterium lested - Positive Breakdown ?
bacteroids 7 29 j g,
bifidohacterium 6 33 1N
Egoheriohia coli 25 76 - ?
Lactobacillus 15 73 . ﬂ
Streptocooous faeoalis 14 93 ﬁi,

4, Phytotoxicity -

No information was retrieved on the phytotoxicity of N-nitroso-
diphenylamine,

5. Environmentsl Fate

N-nitrosodiphenylamine has been shown to rapidly degrade to .l L
diphenylamine in the presence nf light. (Davidson, 1974). It is also :
degraded to diphenylamine by microorganisms (Rowland and Grasso, 1975). "
Thus, it appears that any environmental effects would be from diphenyl- . .
amine and its potential reaction products. Since diphenylamine is - .
released at Radford AAP at much higher levels than N=nitrosodiphenylamine, - | -
its environmental hazards could overwhelm any hazards from N-nitroso- A
diphenylamine.

6. Literature Availability for Phase II

Ssveral studies have besn performed or are being performed \
on the toxicological properties of N-nitrosodiphenylamine. There (
should be sufficient literature available for a Phase Il toxicological
svaluation, Environmental data is not as plentiful, hovever contacts -
with manufacturers (espacially their pollution abatemant personnel) | b
way lead to more information. | .

H. Regulations and Standards
1.  Air and Vater Regulations .

No specific air and water discharge regulations are in effect for
N-nitrosnodiphenylamine. However, EPA has proposed effluent guideline
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standards for the rubber processing point source category. N=nitroso-

diphenylanmine would come into this effluent standard (Federal Register,
Januvary 10, 1975).

2. Health Standards

No thrashold limit values have been set for Ne-nitrosodiphenylauine.
It is listed on EPA Toxic Substances Control Act Candidate List of
Chemical Substances (1977). NCI (1978) has studied Nenitrosodiphenylamine
in its carcinogenic program, however, this report is not yet available.

1. Conclusions and Recommendations

In this preliminary problem definition study report, the civilian
and military usage and pollution associated with N~nitrosodiphenylamine
has been exanined. On the basis of this information, it is concludad
that N-nitrosodiphetiylamine is not a military unique compound. It does
not appear to be highly toxic or carcinogenic to mammals. Although the
aquatic toxicity of this compound is unknown, any toxic affacts would be
overshadowsd by the more prevalent highly toxic diphenylawmine. Therefore
it is recommended that the Army not initiate any further work on this

compound. However it may enter into a study of the environmental fate of
diphenylamine.
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SUMMARY

Diethyl-, dibutyl- and diethylhexyl phthalate are used as plasti-
cizers in the manufacture of solid propellants at Radford, Badger, Sunflower
and Indiana Army Ammunition Plants, Currently, only Radford and Indiana
are operational. Of the phthalate esters, dibutyl phthalate is the largest
volums propsllant additive. At current production rates, Radford uses
344,400 1lb/year of this compound, primarily for the M-l formulation. At
full mobilization, 2.5 million lb/year of dibutyl phthalste would be needed
by Radford AAP alone. Estimated discharges of dibutyl phthalate to the New
River at full mobilization are 1040 to 4160 lb/month.

Diathylphthalate is used cxclulivoly in the N-5 and M-8 propellant
formulations. Current use rate of diethyl phthalate is 228,000 1lb/yaar.
Radford is currently operating at full production capacity of these propel-
lants. Discharge of diethyl phthalate to the New River is estimated at 95
to 380 lb/menth,

, Diethylhaxyl phthalate is seldom used by Radford. Only 22, 000 ib_
of thie chemical has been formulated into propollantl over tha last 19 years.

The phthalate esters ars widely used throughcut the civilian
community. Over 1,043 million 1b of phthalate estats were produced in the
United States in 1976, The 1976 production of the individual estars was

- diethylhexyl phthalate 296.7 miliion 1b
~ « dibutyl phthalate 13:7 million 1b -
= diethyl phthalate 16,1 million 1b

Each of these estars is used as a plasticizer for different materials.
Diethylhexyl phthalate is used in PVC plastic; dibutyl phthalate in nitro-
cellulose and polyvinyl acetate smulsions and diethyl phthalate in cellulose
acetate plastics.

The acute toxicity of the phthalate estars to mammals is low with
LD50's ranging from 1 to 8 g/kg. Some subtle bilochemical changes are ob~
served in mammals exposed to phthalate asters over long periods of time.
The estars hava been shown to be noncarcinogenic. However, they have muta-
tenic and teratogenic potential in high doses.

Ths phthalate esters are widespread throughout the environment.
They are found in river and ocean water, sediment and biota. Diethylhexyl
phthalate is the most abundant of the phthalate estars in the snvironment.
The phthalate estars are fairly toxic to aquatic organisms with 96 hour
LC50s in the low ppm., Some bioaccumulation of these compounds occura; how=
ever, thoy are actively metabolired by most organisms. Microorganism
degradation of diethyl- and dibutyl- phthalate occurs rapidly under aercbic
conditions. Degradation of disthylhexyl phthalate is slow.
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From the information avaluated during this study, it is concluded
that the phthalate esters are not military unique chemicals, Dibutyl phtha-
late appears to be the most widely used phthalate estar by the military. At
current propellant production rates, the military use of this chemical is
only a small percentage of the civilian production. However, if all four
propellant plants were operating at full mobilization levels, military use
of dibutyl phthalate could be as high as 73% of the 1976 civilian production
of this chemcial. Dibutyl phthalate discharges would be as high as 4160 1b/
month from Radford AAP at full mobilization. At this discharge level, this
chemical would be toxic to aquatic life, Further evaluation of the environ-
mental fate of dibutyl phthalate by the Army may be warranted. Howaver, the
proposed biotreatment facility should adequately remove this compound from
Radford's effluents. Thus, this chemical should be a low priority for fur-
ther study.

Diathyl phthalate is not used or discharged in amounts harmful to
the environment. It is also a relatively low use chemcial in propellant
manufacture., Based on these facts and the ease with which diethiyl phthalate
is biodegraded, this chemical should be a low priority for further study.

The Army's utilization of diethylhaxyl phthalate is insignificant
when compared to that of the civilian community. Therefore, diethylhexyl
phthalate should be a low priority chemical for further study by the Army.
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FOREWORD

This report details the results of a preliminary problem definition
study on phthalate esters. The purpose of this study was to determine the
Army's responsinility for conducting further research on phthalate c¢sters in
order to determine its toxicological and environmental hazards so that
effluent standards can be recommended. In order to determine the Army's re-
sponsibility for further work on phthalate esters, the military and civilian
usage and pollution of thim chemical were evaluated. 1In addition, a pre-
liminary overview of toxicological and environmental hazards was conducted,

Phthalate esters was only one of the 48 chemicals evaluated under Phase
IA of contract No, DAMD17=77-C=7057, These chemicals are grouped in four
categerius

explosives related chemicals
- propellant related chemicals
- pyroitechnics

- primers and tracers

Each category is a major report. Section I of each report is an overview of
the military processes which ugé each chemical and the pollution resultling
from the use of these chemicals. The problem definition study reports on
each chzmical are separable sectiona of these four reporta.

In addition, a general methodology report was also preparad. This report
degcribes the mearch strategy and evaluation methodology utilized for this

study.
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VII. PHTHALATE ESTERS

A, Introduction

T T v e
f
- 3

The Army used saveral phthalate esters as plasticizers in the manu=-
facture of propellants and other products. Dibutyl- and diathy' phthalate
are conelstently used in relatively large volumes, Diethyhexyl ,.Lthalate
is also used by the Army on occasion.

8. Altemste Names

1+ T A T e O TR BT LT
x '

The phthalate esters of concern to the Army are the diesters of
o=phthalic acid having the following general structure formula

l
i
lz c*e-oa
gi [::::[:cdq-on
lf

where R = ethyl - CH2-0H3
butyl - (CHz)acHS

ﬁ?z-CH
.thylh‘xyl - GHz-c (cuz?a-cus
The pertinent alternate names for these compounds are listed below!
Diethyl phthalate
Molecular Formula: C12H1404
Molacular Weight: 222,24 g/mole
CAS Registry No.:! 84-66-2
- CA Name (9CI): 1,2-benzenedicarboxylic acid, diethyl
l ester
CA Name (8BCI): Phthalic acid, diathyl aster ,
]" Wisweuser Line Notation: 20VR BVO2 !
i Synonyms t Anozolj o-benzenedicarboxylic acid, :
- diethyl ester; Disthyl phthalata; |
Ethyl phthalate; Neantine; Palatinol A} !
- Phthalol; Placidol E} Solvanolj :
Unimoll DA f
. Dibutyl phthalate
Molecular Formula: C16H2204
Molecular Weight! 278,35

“ -177- (VII=~9)
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CAS Registry No.:
CA Name (9Cl):

CA Name (8CIL):
Wiswesser Line Notation:

Synonyms?

Diethvhexylphthalate

Molecular Foxmula: Ca4H304 .
Molecular Wedght: 390,56 Jore
CAS Registry No.: 117817 o
Replaces CAS Registry Nos.: B8033=53=2; 40120=69-2; 50885-87-3 | }f'é
CA Nama (9CI): 1,2-benzenedicarboxylic acid, , ‘@
bis(2=ethylhexyl) ester "} :
CA Nama (8CI): Phthalic acid, bis(2-=ethylhexyl) ester o
Wiswesaer Line Notation! 4Y25810V 2 BR ‘T
Synonyms: bis(2-athylhexyl)=~1,2-banzunedicarboxy- nk i

Bh=T74=2

1,2=-benzenedicarboxylic acid, dibutyl
ester

Phthalic acid, dibutyl ester
40VR BVO4

Butyl phthalate; Celluflex DPB: Dibutyl
phthalate; Elaol; Genoplast; Hexaplas
M/B; n-butyl phthalate; Palatinol C;
Polycizer DBPt PX 104; Staflex DBP:
Unimoll DB: Witcizer 300

late; bie(2-ethylhexyl) phthalate;
Bisoflex 81; Compound 88 - DEHP: Di=~
(ethylhexyl) phthalate; Li~(2-ethylhexyl)-
phthalate; Diethylhexyl phthalata;
Dioctyl phthalate}; DOP: Ethylhexyl
phthalate; 2-ethylhexyl phthalate; Flexi~
mel; Flexol DOP: Kodaflex; Octoil; Octyl
phthalate; Palatinol AH: Phthalic acid
dioctyl sster; Pittsburgh PX~138; Sicol
130; Staflex DOP: Truflex DOP: Vestinol
AH: Witcizer 312

i i

C. Physical Propertiaes

The physical properties of diethyl«, dibutyl- and diethylhexyl phthalate
are presented in Table VII-l,

The infrared spectra of diethyl- (DEP), and dibutyl phthalate (DBP) and
dioctyl or diethylhexylphthalate (DEHP) are shown in Figure VII-1l, Thare is
some confusion in the literature on tha infrared spectra of diethylhexyl=-
phthalate, The older literature uses the names dioctylpnthalats end diethyl~ g

6 b bow o v
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{-‘ ; Figure VII-1, Infrared Spectra of the Phthalate Esters.
i (Pouchert, 1970)
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hexyl phthalate interchangeably., CRC (1974) lists two infrared spectra, the
one shown in Figure VII-1 and the following:

Absorption bands at

3070, 3020, 2930, 2890, 2860, 2720, 2580, 1720, 1590, 1570, 1480,
1440, 1380, }260, 1150, 1110, 1030, 950, 880, 850, 820, 750, 640,
390, 230 em

The latter spactra is probably the correct ons,

The ultraviolet spectra of diethylphthalate in mathanol has two absorp=
tion bands. The wavelengths of absorption maxima are 274 and 225 nm with
molar absorptivity coafficients of 1270 and 8310 respectively (CRC, 1974),
The ultraviolet spectra nf dibutyl phthalate in methanol is similar (CRC,
1974) ¢

Amax » 274 am, €= 1230
Amax = 225 nm, €= 7560

D. Chemical Properties

1. General Reactions

Pyrolysis of DBP via distillation yields phthalic anhydride and
equivalent amounts of butens and butanol.

0
"

. @CGOBL& a @c\
— O + HyCe H,CCH, CH, CH, OH
COOBy c” 2CmCHCHaGHy  + HyCURyUH,LE,

"
0

The presence of acids or PVC catalyze the thermal degradation of phthalate
estars, Heating of DERP at 170°C for 40 hours ia the presence of H380, or
PVC yields phthalic anhydride and 3-methylheptene and its isomeritationm
products. No alcohol was found. Isobutene, butens, and propylene wexe
formed from pyrolysis of dibutyl phthalate at 730°C with a hot wire
(Fishbaein and Albro, 1972).

Phthalate esters are easily convarted into a bicyclic ring
system., Reaction with an "activated" methyl group gives a non-isolable
first formed product,

R
COOEt W C=-CHj-C=R
COOEt EtOH COOEL

-181- (VII-13)
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| | ~ The methyl group acts as a nucleophile because it is adjacent to the . k!

: carbonyl function. It is said to be 'activated'., In the product formed, ‘ﬁ
J { the methylene carbon is adjacent to both its original carbonyl and a phtha- .
5 : late carbonyl. It is now doubly activated. Under the reaction conditions, !

this product will behave as a strongsr nucleophile than the starting
materials. Nucleophilic substitution will occur at the remaining ester

' function, } i
| e
| g o i | j
| C-CHp=C-R wt W O 3
] 1

e ; 1] ' o
. i @ %—OEt ——-)EtOH C’CH C=R . -\1
i ! i R
| 0 o
i ' R
] ;‘ v

' Carboxylate substituents on an aromatic ring decrease the ring's i

susceptibility toward electrophilic substitution, Substitution on the
phthalate ring would be difficult and slow, but would occur at the & positionm, '

.@cooa . COOR |
COOR | i E COOR

2., Environmental Reactions \

i I

G b
o e~ B

Hydrolysis of estars is readily catalyzed by aither acid or
bases, Phthalate ssters are hydrolyzed to phthalic acid (or phthalate anion ,
in base) rather than the monocester. The rate of hydrolysis of the monoasster !
is greatly enhanced over the diester by the presence of the frae acid function, '
This rate anhancement is sesn in the hydrolysis of other derivatives of _
phthalic acid. For example, the rate of hydrolysis of phthalamide is 107 l
times faster than the hydrolysis of banzamide (March, 1968).

@coou @CONM
CONHy B |

phthalamide beazamide
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3. Sampling and Analysis

Many sampling and analysis procedures have been proposed for de=-
termination of the phthalate esters in air, water, blood and tissue samples,
Thin layaer chromatography is often employed to separate and identify the
phthalate esters, Msthylene chloride or ethyl ethear extracts of samples of
phthalate esters can be separated and identified by chromatographing on a
Silica Gel plate, Development is accomplished by SbClg in chloroform or
resorcinol-ZnCly~Hy80;, reagent (Fishbein and Albro, 1972).

Phthalates in air have been collected on a deactivated Florlsil
column., The column is eluted with petroleum sther, then sthyl ether., The
ethear sample s then quantitated using a gas chromatograph with an electron
capture detector and a column containing 3% 8E~30 on tha appropriate
support, Low levels (ng/m3) of phthalate esters in air are detectable with
this procedure (Giam et al., 1975).

A similar procedure can bs used to determine phthalats asters in
sea water, Background levels as low as 25 ng of DBP and 50 ng of DEHP can
te obtained if proper precautions are observad.

High performance liquid chromatography has also been used to
determine phthalate esters, Hexane extracts are chromatographed, Detection
is accomplished with an ultravioclat absorber detector at 224 mum, The
absolute detector limit is 2 ng of DEHP (Mori, 1976).

Another mathod which has been used to soma axtent is derivatiza-
tion, In this procedure the ester is hydrolyzed and the acid reacted with
2=chlorcethylamine hydrochloride to yield N=(2-chlorocathyl)phthalimide, The
phthalimide extract is then quantitated by gas chromatugraphy with an
slectron captive detector (Giam @t al., 1976).

Analysis of phthalate esters is a difficult task due to the extra
precautions which must be taken to prevant contamination, Contamination can
occur from a variety of sources including solvents, glassware and filter
paper,

E. Uses of Phthalate Estexs in Army Munitions

l. Purpose

Phithalate estars are usad as plasticizers in propesllant formula-
tions, The most commonly used phthalate esters are DEP and DBP. These
chemicals are usad at all facilities which manufacture propellants: Badger
AAP, Radford AAP and Indiana AAP. 1In addition, DEHP is sometimes used at
Radford AAP, though not in current operationa.

1I-15
=183~ (ViI-15)
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The formulations using phthalate esters are listed below:

Formulation Ester Used X Eaters in Formulation
M=1 dibutyl 5,021.,0
M=6 dibutyl 3,0£1.0
M=6+2 dibutyl 3,0t1,0
M-8 diethyl 3,021.5
NoJ diathyl 10,5

These formulations include single and double base propellants made by both
solvent and solventless processas,

In addition to their plasticizing function, phthalate esters also
reduce the propellant burning rate in proportion to their concentration.
This action reduces flash whaen the propellant is ignited. Phthalate esters
al¥o act as waterproofing agents.

2. Quantities Uaed
&, Historical Use

Dibutyl phthalate is the largest volume propellant additive
used, with an average of 2,54 million lb/year used at Radford AAP over the
pariod 1968=1977. About 95% of this quantity was usaed in the M-l formula-
tion.

Diethyl phthalate is used only in the solventless double base
formulations M-8 and N-5. The average amount used during 1968-1977 was
171,500 1b/year. Over half this amount was used in 1968 alone, with very
little used during 1970-1974, A total of 22,000 1b of DEHP was purchased
by Radford AAP in the years 1968-1977, This amount was purchased and used
in three years--1968, 1972 and 1973. The specific amounts of phthalate es-
ters procassed by Radford AAP during the 1968-1977 period are shown in Table
ViI-2.

b, Current Usas

During 1977, Radford AAP used DEP at an average rate of 19,000

lb/month. Based upon December 1977 production rates of M-8 and N=5 propal-
lants, 15,000 1b of DEP were used during that month, or 79% of thu average
use rate,

The average amount of DBP used in 1977 was 28,700 1b/month.
During December 1977, 817,000 1b of M-l propellant was produced accounting
for some 41,000 1b of DBP, or about 143% of the average use rate,

]84 (V1I=16)
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Table VII-2. Historical Purchases of the Phthalate Esters

at Radford AAP (Watts, 1978)

Diethyl phthalate

987,100
282,500
6,000

0

0

0
6,000
63,880
133,360
236.586

Dibutyl phthalate
5,376,890

3,854,218
2,570,860
2,377,790
2,538,160
2,700,010
3,727,418
1,425,700

434,000

349.860

Diethylhexyl phthalate
6|30°

0

0

0
6,300
9,450

o o
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None of the other phthalate esters, dioctyl, dipropyl or
diethylhexyl are in use at the present time. DEHP is used to produce single
base casting propellants. The others are specified in formulations for
which there is very little demand, and thus they are rarely used.

Co Use at Full Mobilization

The current use rate of DEP, Z1.6., 19,000 lb/month, is essen=-
tially thea same as the full moblilization use rate. However, DBP use would
increase from the current 28,700 lb/month to about 208,000 1b/moath 1if full
mobilization were required., During 1968 and 1969, the mobilization schedules
required use of more phthalate esters than the current mobilization plan.
This accounts for the purchases of these materials during thosc years at
above the current full mobilization rate.

3. Documented or Speculated Occurrences in Air or Water

DBP has been moasured in the effluents from the "water dry" pro-
cess (Glennon, 1977), The indicated loss was 15 to 45 lb/month of DBP, This
single source does not represent total losmes, however., Effluents contain-
ing phthalate esters could be genarated from any or all of the following
sources!

1, Preparation operations including weighing, grinding or
classification. Dust or particulates are collacted in
wat scrubbers, from which both solid wastes and contami=-
nated effluents may ba genarated.

2. Residues from washdown operstions genarate sffluents which
are filtered and discharged., Collacted solids are trane-
ported to the burning grounds,

3. Process water from manufacture of propellants by the solvent
process, These affluents appear in the C=line waste watar
stream, the 48 inch general purpose sewer and the sclvant
recovery arsa dischargeas.

4, Process wastes from solventless propellant manufacture,
These effluents appear in the rolled powder area waste
streams,

It is estimated that 1-4X% of the phthalats estars processed are
lost to waste streams (Dickensen, 1978). This amount would represent a to-
tal of 290 to 1150 lb/month of the dibutyl esters. At full mobilization,
the loss of dibutyl phthalate would increase to 2080 to 8320 lb/month, The
full mobilization losses of DEP would be similar to current values of 190~
760 1b/month,

Phthalate esters are sparingly solubla in water. Thus, some of
the matarial lost may be recovered from solids collected on effluent filtera.
It is probable that some phthalate saters leach out of the solids. Other

=186~ (V1I-18)
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sources of loss occur from preparation operations before the phthalate esters
are combined with other propellant ingredients, Thus, it is estimated that

1/2 of the total loss of phthalate esters ultimately appears in plant efflu-
ents.

F, Uses of the Phthalate Esters in the Civilian Community
1. Production Methodology

Phthalate esters are prepared from phthalic anhydride and twe
equivalents of the appropriate alcchol, as shown in Figure VII-2, The
esterification is catalyzed by acid.

0
i

c

\ wt COOK

@: O + 2RH = + Hp0
c COOR

)
0

The procesp is essentially the same for the different esters., The methodo~
legy is slightly altered to compensate for differences in the physical
properties of the various alcohole., Production of DBP is typical of the
phthalate esters. n=-butanov! and phthalic anhydride, in a 2,5:1 molar ratio,
are charged into a reactor, A small amount (1% of total reaction mixture)
of concentratead sulfuric acid is added as a catalyst. Tolulene sulfonic
acid may be substituted as the catalyst, The reactor is heated to approxi-
mately 200°C so that the water:butanol azeotrope distilling at 92°C comes
off the column head. Upon cooling, this distillate separates into two
layers, The aqueous layar is sent to recovery followed by disposal. The
alcohol layer is returned to the column, When the maximum amount of water
has been removed, the crude DBP is tranaferred to a vacuum column where
volatile impurities are removed. Further purification can be achieved by
decolorizing with activated charcoal. Yields are 90% based on anhydride
usad, The purity is reportaed at 99%,

The process is similar for the athyl, propyl, n-octyl, and

2-ethylhexyl esters. In DEP production, benzene is introduced to the
column to reduce the partial pressure of the alcohol., Water is removed

as the ternary water:benzene:ethanol azeotrope (Lowenheim and Moran, 1975).
2, Manufacturers, Production, and Capacity

The manufacturere and plant sites of n=butyl, ethyl, and ethylhexyl
phthalate diesters are listed in Table VII-3,

=187~ (VI1-19)
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g Figure VII-2, Preparation of Dibutyl Phthalate (Lowenheim, 1975).
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Table VII-3,
Di-n-bygyl phthalate

bboa R A0 Vi L A LM LA WAL e i ity

tastman Kodak, Co.
Kastman Chem. Products, Ing., subsid.
Tennassse Sastoan Co.

W, 1, Grace & Co.
Ratao Group
Hateo Chem. Div,

The C. P, Hall Co.

Taternat'l linerals & Chem. Covp.
INC Chem. Group, Inc,, subsid.

Ptizer Inc,
Chems, Div.

Reichhold Chems., Ine.

Richardson~-Marrell, Ine,
J. T. Bakar Cham. Co., subsid.

The Sherwin-Williams Co.
Chems. Group
Chems, Div.

Union Camp Corxp
Chenm, Products Div,

United States Stesl Corp.
U33 Chems., div,

Dieth hthalate

Eastuan Kodak Co.
Lastman Chem. Products, Inc., subsid,
Tennessee Eastman Co. :

Kay-Fries Chams, Inc.

Mopsanto Co,
Monsanto Chem. Intermediates Co.

Pfizer Inc.
Chems. Div.

Di (2=ethyihexyl) phthalate

BASF Wyandotte Corp.
Colors and lntermediates Group
Colors and Auxlliaries Div.
Intermediates Div.

Lastman Kodak Co.
Rastman Chem. Products, Ingc., subsid.
Tennessee rastman Co.

The B. F. Geodrieh Co.
8, ¥, Goodrich Chem, Co,, div,

W, R. Grace & Co.
Hatco Group
Hatco Chem, Div.

Monsanto Co.
Monsanto Indust, Chems, Co.

Pfiser Inu.
Chens, Div.

Reichhold Chems., Inc.
Teknot Apex Co.

United States Stael Corp.
UssS Chema., div,
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Manufaccurers of Phthalate Esters (S.R.I., 1977).

Kingsport, Tent.
foxrds, N. J.
Chicago, Ill.
Terra Haute, Ind.

Graensboro, N. C.
Carterat, N. J

Phillipsburg, N. J.

Chicago, Ill.
Dovar, Ohio

Naville lsland, Pa.

Kingepurt, Tenn,
Stony Point, N. Y,

8t. Louis, Mo,

Gresnsboro, N. C.

Kearny, N Js
Kearny, N. J.

Kingeport, Tenn,

Avon Laks, Ohio

Fords, N. J.
Texas City, Tex.

Greensboro, N, C.
Carteret, N. J.
Hebronville, Mass.

Naville lslend, Pa.
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Table VII-4 coatains produciion statistice for the phthalate esters
in the U,8, since 1968 and Table VI1-5 prasents the amount of the individual
phthalate esters produced.

Table VII-4, Production and Sales of the Phthalate Esters
(U.S. Tarriff Commission).

68 _69 _70 _71 _ 72 __ 73 _ 74 _I5 __16

Quantity produced 841 884 855 978 1,146 1,203 1,207 904 1,043
Quantity sold 785 821 815 938 1,138 1,135 1,124 921 987

lin million pounds

Table VII-S. Production1 of Selectad Phthalate Estars
(U.8. Tarriff Commimsion).

Phthalate ester 72 73 74 73 16

di~ethylhaxyl 435,0 378.1 389.,7 302.%5 296.7
di-butyl 29,1 37.9 35.5 12.3 13.7
di=-ethyl 19.0 19.5 19.7 11.7 16.1

1in million pounds

Individual plant capacities are unavailable. Due to the similari~
ties of processes, manufacturers who produce more than one uater possess a
total phthalate ester production capacity which can be split betwsen differ-
ent esters depanding on current demand,

3. Usage

Approximately 95X of all phthalate satars produced in the U,S, are
employed as plasticizers, The other 5% is used in a variaty of non-plasti-
cized products,

Phthalate esters as plasticizers are found in the construction
industry, home furnishings, the automobile industry, synthatic apparel, food
packaging, and medical products. The parent alcohols impart varying proper-

190~ (VI1-22)

. e s G s

[P S



T Ty 4 T T T e N L

b

ties to the different phthalates making sume more suitable than others for
individual resin systems,

DEHP, the most widely used phthalate ester, is used exclusively as
a plasticizer., Recognized as the best all purposed PVC plasticizer, it is
found in most PVC products, It is also used as & plasticizer in nitro-
cellulose lacquers, caellulose acatate-butyrate, ethyl cellulose, and natural
and syanthetic rubbers,

DBP is the standard plasticizer for nitrocellulose and polyvinvl
acatate emulsions, It is also used in poly(methyl methacrylate) molding com-
pounds, phenolic resins, and with DEHP and DOP in PVC's. DBP is used as a
solvent for printing ink vehicles, insecticides, and oil-socluble vat dyes.

It is also used in manufacture of artificial leather, as a fixative for
perfumes, and in anti-foam agents (Lowenheim and Moran, 1975).

DEP is almost exclusively used in cellulose acetate plastics,
DEP is the preferred plasticlzer for non-toxic food packaging £ilm (W. R.
Grace Co.).

4, Future Trands

The market for PVYC resins is increasing and subsequently future
use of phthalate esters should ilncrease accordingly. An average growth rate
of 7% has been predicted (Anderson, 1977).

5. Documented or Speculated Occurrences in tlie Environment

The presence of phthalate esters in the environment has been well
documented., They have been identified in the Escambia Bay and the Missils- -
sippi River delta (Corcoran. 1973), in the Charles River (Hites, 1973) in the
ppb range, in a Lake Superior bay (Sta.ling @t al., 1973), in the North
Atlantic and in water, sediment, air and biota samples from the Gulf of
Mexico (Giam et al., 1978)., Some researchars have questioned the origin of
the phthalate esters, suggesting they are either natural products or arti=-
facts of sample handling and analytical techniques., The latter argument is
valid and prevention of artifactual contamination of samplea is a major
difficulty in phthalate ester analysis, But there is little doubt that
irdustrial phthalates are now widespraad environmental contaminants
(Mathur, 1974),

G. Comparison of Civilian and Military Uses of the Phthalate Esters

At 1976 production rates, Radford AAP used 133,360 1b/yr DEP and 434,000
lb/yr DBP, This usage amounted to 0.8% and 3.2% of the DEP and DBP civilian
production. At full mobilization, Radford AAP would use ~228,000 1b/yr DEP
and 2,496,000 1b/yr of DBP, Radford AAP's use would represent 1,47 and 18,2%
of the 1976 civilian production,

No data was svallable on historical or mobilization usage of DEP and
DBP at Badger, Sunflower or Indiana. However, if these AA’s use DEP and DBP

(V1I-23)
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at approximately the same rate as Radford AAP at full mobilization, then the
Avmy could use up to 5,6% of the 1976 U.S, DEP production, The munition use
of DBP could be as high as 73% of the 1976 production. Thus, at full mobili-
zation, the Army could become the biggest single user of dibutyl phthalate.

H. Toxicological and Environmental Hazards
l. Toxicity to Rumans

The toxicology of phthalate esters to man and animals has recently
been the subject of several studies. Although the phthalate esters as a
group have a low toxicity, the high amounts used by industry warrant this re-
search. Also, small amounts of phthalate esters have been found to leach out
of PVC transfusion bagas in blood (Jasgar and Rubin, 1970) and other solutions
(Guess et al., 1967).

Leaching of DEHP from vinyl plestic transfusion bags has stirred
interest in determining levels of DEHP in human tissues., Wallin et al.
(1974) studied tissue samples from 18 patients. They found DEHP present in
all 18 samples. Howaver, they found no correlation betwsen the DEHP concen=
tration and patient's age or recaipt of blood transfusion. Napier (1976)
studied 43 patients and found only 58% of the tissue samples contained DEHP.
He found 27% of the tissues from transfused patienta contained DEHP while only
11.6% of the non-transfused patisnts contained DEHP., The half-life of DEHP
in six male patients ranged from 14,.6-41,8 minutes, with a mean of 28 minutes
(Rubin and Schiffer, 1976).

Some accidental human poisonings by phthalate esters have been re-~
ported, VFor example, an accidental poisoning of a chemical operator with DBP
was reported by Cagianut (1954). The man swallowed 10 g (140 mg/kg) of DBP,
He became nauseated, dizzy and experienced photophobia, lacrimation and con-
junctivicis. Howaver, he quickly recovered from these effects.

2, Mammalian Toxicity
a, Acute and Chronic Toxicity

The acute toxicity of the phthalate esters to mammals is pre-
sentad in Table VII-6. An oral dose of DEP was the most toxic with an LD50
of 1.0 g/kg. These data show that DEP and DBP hava a low toxicitv. Lawrence
et ul, (1973) injected mice with 5 gubacute doses of DEP or DBP per waek. As
shown in Table VII-7, they observed an apparent LD50 for DEP of ~1/2 the acute
LD50 after 14 weeks of exposure, For DBP, the apparent LD50 after 25 weeks
of exposure was "“1/4 the acute LD50.

Smith (1953) fed rats DBP for one year. He found no toxic ef-
fects with diets containing 0.25% of DBP. However, half the rats fed 1.25%
DBP dled during the first week of the experiment. Nikonorow ¢t al. (1973)
found that 1,2 g/kg/day of DBP increased the mezn liver weight of rats. Con-
centrations of 2.6 X 10~4M of DEP and 3.9 X 10=%M of DBP inhibited nerve fiber
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Table VII-~6.

Acute Toxicity of Phthalate Esters: LDS50 in Mammals,

Compound Animal Route LD50 Refarance
B/kg
Diethylphthalate Mouse i.p. 2,8 Patty, 1967
" Mouse i.ps 2,8 Calley ¢t al., 1966
" Mouse i.p. 3,2 Lawrence ot aql,, 1973
" Rat i.p. 5.1 Singh et al., 1972
" Rat i.p, 5,06% "
" Rabbit  Oral 1.0 Patty, 1967
Dibutylphthalate Mouse t.p. 4,0 Calley ¢t al., 1966
" Mouse i.p, 3.6 Lawvrence et al,, 1973
" Rat i.p. 3.0 Singh ¢t al., 1972
" Rat i.p. 3,05% "
" Rat i.m, 8.0 Smith, 1953
" Rabbit Dermal  20,0% Patty, 1967
* ml/kg
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Table VII=7, Subacute Toxicity of Phtlialate Estars in Mice
(Lawrence et al,, 1975) ;

i Apparent LD50 (ml/kg) by weeks
: (intraperitoneal) |
Week No. Disthyl Di=n=butyl _ |
:. (Acute LD50) (2,87) (3.41)
] 1 2,26 2,08 S ;
2 2,00 1,84 {".1;
4 3 2,00 1.84 N |
I 4 2,00 1.84 R
| 5 1,92 1,84 . |
d 6 1.86 1.84 y

7 I} 1,77 .

8 1,70 1,77 !

9 1,70 1.70 ,

10 1,70 1,63 ';

11 1.57 1.45

12 1,39 1,39 j

13 1.39 1.33 a

14 1,39 1,28 i

15 - 1,28 X

16 1,18 , |

17 1,18 B
; 18 1,09 o
: 19 1,05 -
* 20 1,00 |

21 0,93 o]

22 0.93 o 4

23 0,85 D
' 24 0.85 '

25 0.85 |

kb, T

- Tt ara
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growth in rat cerebellum tisaue cultures (Kasuya, 1972). Decrease in the
activity of succinic dehydrogenase and adencsine triphosphatase weres ohasrved
in rats injected with DEHP (Srivastava et al., 1975). Reddy et al. (1976)
found reductions in serum cholesterol and triglyceride levels when DFHP waa
fed to rate at concentrations of 0.5, 2.0 and 4.0% in food.

b, Biochemical Pathways

Williams and Blanchfield (1974) found that almost all of the

DEHP ingested by rats was excreted in the urine or faces within 48 hours.
Only the adipose tissuc consistently retained DEHP. Tanaka et al. (1975)
observed similar results as Williams and Blanchfield; however, they aglso ob-
served four metabolites in the urine. Williams and Blanchfield (1975) found
80-90% of an oral doss of DBP to rats is excreted in the urine within 48
hours. They also identified phthalic acid, monobutyl phthalate, mono (3-
hydr;xylbutyl) phthalate, and mono (4=hydroxybutyl) phthalate as metabolites
in the urinas.

In vitro hydrolysis of DEP, DBP and DEHP was highest when
exposad to rat small intestine contenta (Rowland et al., 1977). DBP was
also reduced more rapidly than DEP and DEHP, In addition, these researchers
identified the metabolites as the corresponding monocesters.

c. Carcinogenic, Teratogenic and Mutaganic Effaects

" Chronic studies have given no indication of any carcinogenic
activity by the phthalate esters (Peakall, 1975). Teratogenic studies by
Singh et al. (1972) and Nikonorow et al. (1973) indicate that DEP, DBP and
possibly DERP are teratogenic at high doses. Their results are presented in
Table VII~8. The percantage of resorptions was increased and the fetal weight
decraased. An increase in skeletal abnormalities was also observed,

Using the dominant lethal assay in mice, Singh et al. (1974)
found increased fetal death with single injections of DEHP given at doses of
12,6 to 25.6 ml/kg. At the highest dose, decreased numbers of implants and
living fetuses were obsarvad,

3. Phthalate Esters in the Aquatic Environmenut
a. Distribution of the Phthalate Esters in the Aquatic Environment

In the past 4 to 5 ysars, several studies have examinad the
toxicity of phthalate esters to aquatic orgunisms, However, information on
the lavels of the phthalate esters in the aquatic envirvonment is limited.
Levels of DBP and DEHP in fish, water and sediment sawmples taken from indus-
trial and rural areas are shown in Table VII-9, DEFH levels were higher than
DBP levels in the samples collactad. The most noticeable difference between
the two phthalate esters occurred in the water samples vhere thera was approxi-
mately 100 times more DEHP than DBP. In addition, the sample from industrial-
ized areas containad more phthalate esters. Williams (1973) reported phtha-
late ecter levels in 21 fish, none exceeding 200 ppb,

=193~ (V11-27)




Table VII-8, Effects of Diethyl Phthalate and Dibutyl a
Phthalate on Fetal Development in Rats.,

Number of

Compound Doss Fetus Weight Resorptions _Referance {
Diethyl- 1.686 ml/kg 2,854 2 (3.6%)  Singh et al., 1972 4
phthalate 1,012 " 2,85% 0 (0) " .
0,506 " 2,63n 28 (44.4%) " i

Dibutyl=- 1,017 ml/kg 3,60% 23 (36.5%) "
phthalate 0,610 " 3,65% 2 (3,6%) " !
0.305 " 3.70% 4 (7.3%) " .
Dibutyl= +120 g/kg/d 3.56 2 (2% Nikonorow et al., -
phthalate 1973 ¢
600 " 2,92+ 22 (28%) " o

* Significantly different from control (P<0.05)

ettt a ra i i e g T

(ViI-28)

~196~

ARt oo




(V1I-29)

(P1qan3) aajepn

Ino1l yooiq

goxad mojrax

TINOSSTH ‘Suregol ‘I2ATY TINOSSTH

(uota2AaT2 1993 0OL“0T)
EFUIOJFTED ‘a¥e] Jea] IaA0T)

(esie fexnynoti8e) emoy ‘oxeq 3frydg

S 193eM we3TyITH ‘uoang axe]
(ea1e palsaiol) '
—_— aajen ued Yot ‘uvoany o3e1 ‘Leg puowmeq bing
-
]
00¢ IWWIPIS
0ot Iajepn (e21e TreIlnSpUT pue TeInl)
008 afa1TEN ojIeju) ‘1oyiadng aye] ‘Aeg yoeyg
00€ safodper (1ddyssyssyy jo
00z speTeu A1juoleiq eaxe Terijysnpuy mol1l A7ddns 1a3em)
00y ysyyieo paumey) eao] ‘£L13yoleH 4s¥4 jeuorieN diodayey
(seaae 7TeTIISNpUT pue
00zt aoeal qsTyIes [oumey) Tean3nora8e) sesuenay pue [ddIssSTSSTH
dHAA dsd adLy ordmes ) 291nog

*(ZL6T “°7p 32 13keR)
qdd uy jusmuoijauy dyienby oyl ur sjereyIyd TAXSYTAYISIQ pue SIeTeyIYd TLINEQ JO STAF] “6-IIA 219eL




b. Acute Toxicity of the Phthalate Esters to Aquatic Organisms !

e

Mayer and Sanders (1973) studied the acute toxicity of DBP to _
‘ fish and invertebrates as indicated in Table VII-10, They performed standard |
Rl | static and flow-through tests to determine an LC50 (lethal concentration to -
% , 50% of the organisms) at 24, 48 and 96 hours. The bluegill was the most

il e

sensitive aquatic organism with a 96 hour LC50 of 0,73 ppm, but the overall i
d DBP toxicity was low, Because of its low solubility, the 96 hour LCS50 of DERP o
4 vas estimated at 10 ppm (Johnson et gl., 1976), MeRim (1974), in a flow-

through test with the scud (Gammarus fasoiatus), found a 9 week LC30 of 210 i ’
) ppb for DERP. )

i R e T

¢, Chronic Toxicity of the Phthalate Esters in Aquatic Organisms

Mehrls and Maysr (1976) found that 14 ppbof DEHP signifdcantly " ! 5
incressed the mortality of trout fry. DBP levels of 1-5 ppm have bean shown R E
to have a deprassant effect on the heartbeat of goldfish., However, DEHP had ‘
no effect on the heartbeat rats (Pfuderer and Francis, 1975; Pfuderer et al., .
1975) . Ninety day toxicity studies (Mayer and Sanders, 1973) found DEHP'
raducad the reproduction of guppies (Posotlia retioulotus) and zebra fish
(Braohydanio rerio) receiving levels batween 50-100 ppm in their food,”
Sugawara (1974) found that 10 ppm of DBP and 61 ppm of DEP significantly re-
duced the hatching of ahrimp eggs. Mayer and Sandars (1973) exposed Daphnia
magna to 3 and 30 ppm DEHP for 21 days and found reproduction rates were re-
duced by 60 and 83X vespectively.

. ———

P

y

d. Biloaccumulation of the Phthalate Esters in Aquatic Organisms N

The bioaccumulation of DEHP and DBP from water by aquatic
organisms is shown in Table VII-1l. High bioconcentration of phthalatsustars |
at levels less than 1 ppb occurred, with the scud having the highest concen- )
tration factor, Mayer and Sanders (1973) exposed Daphnia magna to 0.1 ppb
of labeled phthalate in the water for 7 days. Three days after the Duplmia ;
were transferred to fresh water, 50X of the phthalate remained. In 7 days, Co
only 25X of the phthalate remained in the Daphniac. Saeger and Tucker (1976)
found that phthalate esters in aquatic vertebrates reachedarapidaquilibrium
with a half=life of approximately 72 hours. Thus, the phthalate asters arse
quickly ramoved from the organism.

v R el e e ~dame et

B e A T

Sl e T,

e. Metabolism of the Phthalate Estars in Aquatic Organisms

I
|
Stalling et al. (1973) studied the in vivo metabolism of DEHP 1

in channel catfich (Jotalurus punctatus) and fathead winnows (Pimephales E
promelas). They also conducted inm vitro metabolic studies with DBP and DEHP o i
|

|

|

|

|

by channel catfish enzymes. In both studies, the metabolites wers phthalic
acid, monoester and/or the glucuronide conjugate. The in vitro degradation
by the catfish enzymes of DBP was 16 times faster than DEHP, Melancon and
Lach (1976) expeosed rainbow trout (Salmo gairdneri) to 0.5 ppm of radioactive
DEHP for 24 hours. They found half of the radiocactivity occurred inthe bile
and that almost all of the radiocactivity was due to metabolites of DEHP.
After 24 hours, the major mecabolite present was mono-2-ethylhexyl phthalate
glucuronide.
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4, Biological Traneformation of Phthalate Esters in the Environment

] The phthalate esters can be degraded under aerobic conditions in

' river water, sediment and activated sludge. In river water, DEHP was par-

‘ tially degraded in 2 weeks; DBP and DEP were completely degraded in 4 to 10
- days (Hattori et al,, 1975). Saeger and Tucker (1976) found DEHP was bio-
' ¢ degradable to 40% of the original concentration in river water 5 weeks and
1 70% degraded over 24 hours in a semi-continuous activated sludge system,

! Under aerobic conditions in the sediment, 53X of DBP was degraded within 24

i houra and 98% within 5 days; DEHP, however, was only 50% degraded in 14 days
(Johnson and Lulves, 1975). Under anaerobic conditions DEHP was not degraded
and the degradation rate of DBP was 1/6 of the aerobic degradation rate.

Johnason and Lulves proposed that '"Phthalate esters are initially
hydrolyzed at the ester linkage to form the phthalate avid half-ester and
! - the corresponding alcohol. We believe this moncester is subsequently de-
< \ graded, primarily to phthalic acid, by continuous esterase activity in the
: sediment., We suspect that the exposed carboxyl group of the monoester under-
‘ | goes decarboxylation to form benzene or salicylate derivatives.' TFigura
] ' VII-3 shows that most likely biodegradation pathway in the presence of oxy- |
' gen of phthalate esters to straight carbon chain substances (Gibson, 1968). |
I

‘ The release of phthalate esters from Radford AAP (Randall and King,
3 1971) occurs mainly in the propellant finishing area. Upon release into the
aquatic system, the phthalate esters would probably adhere to suspended par- b
‘ ticles. The use of DBP at Radford AAP is currently 28,000 lb/mo and at full
X ' mobilization, approximately 208,000 1b/mo. Since DBP is rapidly degraded in
2 the aquatic environment, ita current release into New River poses no long
tertn toxic threwat. However, at full mobilization, the system would probably
be overloaded and acute stress could occur to the organiams present.

The current usage of DEP at Radford AAP is 19,000 1b/mo and this
lavel would not increase during full mobilization. DEP is rapidly degraded
in aquatic systems and posss no long term toxic threat to the organisms pre-
sent, DEHP is the most persistent of the phthalate esters in aquatic en-
vironments, but is not currently used by Radford AAP.

5. Phytotoxicity

: Apical chlorosis and 48% growth inhibition were induced in 6-week
r' old Nicotinianum tabacum by foliar application of a 2500 mg/l solution of

dipropyl phthalate. Flodea canadenste (pondweed) was found to bioaccumulate
. DEHP only 3.7 times from water containing 10 mg/l while degrading it very

= slowly (Metcalf ¢t al., 1973). n-butyl phthalate was reported by Isogai,

: Komoda and Okamoto (1972) to have a growthepromoting activity in rice veed-
4 ling bioapsays. )

No other information has been encountered.
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Figure VII-3. Biodegradation Pathway for the Alkyl Phthalates.
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6. Summary of Environmental and Toxicological Hazards of the
Phthalate Ester

The acute toxicity of the phthalate esters is low, Chronic ex-
periment show a high "no-effect" level. However, the phthalate esters have
been shown to be tera.ogenic¢ and mutagenic at high doses, Accumulation
factors in aquatic organisms is high., Sufficient information is not
available to assess environmental risk associated with these observations.

It appears that mammals can rapidly degrade the phthalate esters. E
However, the teratogenicity of this compound and the possibiiity of trans- -
formation to a more teratogenic compound (e.g. phthalidamide) needs to be g
asgsessed. {

7. Availability of Literature for Phase II

The phthalate esters have been widely studied. There is sufficient
toxicological and anvironmental literature for a Phase II detailed study.

I. Regulations and Standards
1. Air and Water Effluent Regulations

A {reshwater criterion of 3 mg/l is recommended for the phthalate
eaters in order to protect aquatic life. Even at this concentration, some
reproductive impairment was observed in daphnide (EPA, 1976).

The effluent limitations for manufacture of phthalate esters has
been eatablished by EPA. These effluent guidelines are listed in Table VII-
12,

Table VII-12, Effluent Guidelines for the Manufacture of Phthalate Esters.
(Federal Register, 1976)

Effluent Limitations
Average of Daily Values '
Maximum for for 30 Consscutive Days

Effluent Characteristics _One Day Shall Not Exceed )

1b/100 1b of Product i
cob 27 14 T
BOC 5 0.21 0.011 | )

TSS 0.038 0.021

Total Copper 0.00032 0.00016 |
pH Within the range of 6.0 to 9,0 P
3
The phthalate estere are listed in FPA's Toxic Substance Control Act Candi=- é

date List of Chemical Substancez. These esters are also on the EPA's list
of priority pollutants. The environmental effects of the phthalate asters
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have been selected as one of the first studies under the Toxic Substances
Control Act (Chemical and Engineering News, 1977).

2, Human Exposure Standards

Recommendad threshold limit values for air exposure to the phthalate
asters is 5 mg/m3 (Federal Register, 1974). This limit is also the suggested
values for diethyl and diethylhexyl phthalate, viethylhexyl phthalate is
currently being tested for carcinogenic potency by NCI (1978).

J. Conclusion and Recommendations

The purpose of this preliminary definition study is to determine the
Army's responsibility for conducting further research on the phthalate
esters-~diethyl-, dibutyl- and diethylhexyl phthalate. Evaluation of the
available data on these compounds has lead to the following conclusions:

b 0f the phthalate esters, dibutyl phthalate has the highest use
rate by the Army. This chemical is alsc found at higher levels
in the effluent stream. Effluent levels of dibutyl phthalate at
full mobilization are estimated to be as high as 4160 lb/month
at Radford AAP,

2, Diethyl phthalate is used at a rate of 19,000 1b/month at Radford.
Thic_currnnt usage rate is essentially full capacity.

3, Diethylhexyl phthalate is used only occasionally in propellant
manufacture.

4, The mammplian toxicity of these esters is low.

5, The phthalate esters are toxic to aquatic organisms in the low ppm
range. However, the esters of the lower alcohols are readily bio-
degradable.

6. At full mobilization, dibutyl phthalate would be toxic to the local
scosystems. Tha amount of diethyl or diethylhexyl phthalate dis-
charged from propellant manufacture is not high snough to cause an
environmental problem.

After evaluation of the information gathered during thias study, it is
concluded that further research on diethyl and diethylhexyl phthalates
should be a low priority, Further Army-sponsored studies on dibutyl phtha-
late are of questionable valua. Sufficient information exists on the mam-
malian toxicity of these chemicals. However, further study on the environ-
mental properties of dibutyl phthalate may be warranted. If further work on
dibutyl phthalate is undertaken, it is recommended that a thorough litera-
ture search and evaluation on the environmental fate of this compound be
conducted.
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SUMMARY

Triacetin is used as a plasticizer in solid propellant formulations.
These formulations contain 3.25 to 11.0% triacetin. At the present time
only Radford AAP uses triacetin. Current use rate is ~ 43,000 1lb/year.
At full mobilization 150,000 1lb/year would be used by Radford. Sunflower
and Badger would use similar amounts at full mobilization.

. Estimataed losses of triacetin from current propellant manufacture are
between 180 and 540 lb/mounth. At full mobilization up to 2000 lb/menth
could be lost at each plant using triacetin., Since this compound is
readily soluble in water, viwvtually all the triacetIni lost will be in the

waste streams. : '

Triacetin is produced in the United States by three manufacturaera.
Current production capacities are estimated at 1 million 1lb/year.
Triacetin has a wide variety of uses in the civilian community including

a plasticizer in cigarette filters, a solvent and carrier in pharmaceutical £ i

preparations, a solvent and fixatlve in perfumes and flavors, etc., Because
of the widespread use of triacetin in disposable iltems, the civilian pollution
of triacatin 1s also expected to be widespread.

Mammals exhibit a low toxic response to triacetin, However, aquatic
organisms and invertebrates are fairly sansitive to this chemical. At
full mobilization, significant effects on the local aguatic population near
Radford, Sunflower and Badger could occur. Microorganisms should readily
degrade this compound, precluding any widespread damage to the ecosystem,

At current production levels, the Army uses ounly 4% of the triacetin
civilian production capacity. At full mobilization, the Army usage of this
chemical could be as high as 45X of the civilian capacity. Although the
Army use rate of trilacetin could be high under emergency conditions, this
chemical is not a military unique compound.

The only Army problem with triascetin appears to be potential local
aquatic effects. The planned biotreatment facility at Radford should
adequately remove this compound from Radford's waste streams, From these
findings it appeare that triacetin has a low priority for inclusion in the
Phase II work. If it were to be included, the study should be limited
to environmental toxicology and fate.
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FOREWORD

This report details the results of a preliminary problem definition
study on triacetin. The purpose of this study was to determine the Army's
responsibility for conducting further research on triacetin in order to de-
termine its toxicological and environmencal hazards so that effluent staen-
dards can be recommeanded. In order to determine the Army's responsibility
for further work on triacetin, the military and civilian usage and pollution
of this chemical were evaluated. In addition, a preliminary overview of
toxicological and environmental hazards was conducted,

Triacetin was only one of the 48 chemicals evaluated under Phase IA of
contract No. DAMD17~77~C=7057. These chemicals are grouped in four categoriaes

~ explosives related chemicals
- propellant related chemicals
pyrotechnics

~ primers and tracers

Each category is a major report., Section I of each report is an overview of
the military processaes which use each chemical and the pollution resulting
from the use of these chemicals., The problem definition study reports on
each chemical are separable sections of these four reportas.

In addition a general methodology report was also prepared., This report
duscribes the search strategy and evaluation methodology utilized for this
study.
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VIII., TRIACETIN

A, Alternate Names

Triacetin is the triacetate ester of glycerine, It has a molecular
formula of CgH;,0¢ and a molecular weight of 218.21 g/mole., The structure
of triacetin is shown below:

Hzf—O-%-C}h
Hf-o-g-c}l3

HaC = 0 = 8 - CHjy
The pertinent alternate names for triacetin are as follows!

CAS Registry No,: 102=76~-1

CA Name (9 CI): 1,2,3-propanetriol, triacetate

CA Name (8 CI): Acetin, tri-

Wiswerser Line Notation: 1volyoviglovl

Synonyms: Enzactin; Fungacetin; Glycerin
triacetate; Glycerol triacetate;
Glyceryl triacetate; Glyped;
Kesscoflex TRAj Triacecin'
Triacetine; Vanay

B, Physical Properties

The physical properties of triacatin are presented in Table VIII-1,
The infrared spectrum of the compound is shown in Figure VIII-l,

T8 Thames
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sk a0l vy 6 1W — vl
“Im. L] I{ . lﬁ*- I'TQ + ;I ?T w‘l.|‘r.l|~l|l““ L 1 ”.;L Illillll.\l"Ql.\l.luml!_'I".II‘I !' I:. :"_.
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Figure VIII~l., Infrared Spectruﬁ of Triacetin '
(Pouchert, 1970).
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Table VIII-1. Physical Properties of Triacetin.*

Physical Form @ 20°C:
Color:

Qdor:

Taste:

M.P.:

B.P,2

Vapor Pressure!

Liquid Density:

Vapor Density (eirsl):

Refractive Index:

Flash Point:

Autoignition Temperature!

Lower Explosive Limit in Air (189°C):
Solubility! '

oily liquid
colorless
fatty
bitter

-78°C
»+2 (supercools to n =70°C)
(Eastman Chemical)

258°C @ 760 mmig
172°C @ 40 mmHg

0.002% mmHg @ S0°C

a2% 1,1562; 420 1.1596; 420 1,163
3.17

n0 1.4296; nd> 1.4307

153°C open cup

432°C

1.05% vol

water - 6,12g/100g @ 20°C
soluble in alcohol, ether, chloroform
and othar organic solvents

*References: Eastman Chemical, 1976; Windholz, 1976; Hawlay, 1977,
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C. Chemical Properties

f 1, General Renctions

‘;.

‘ Triacylglycerols of various long chain carboxylic acids occur

iﬁ' naturally as the major components of neutral storage fats in plants and

f animals, Trlacetin is the common name for triacetylglycerol, the acetate
analog of the neutval fats.

Hydrolyeris to glvcerol and acetic acid occurs readily. A boiling
aqueous solution of triacetin is 91% hydrolyzed after 96 hours (Eastman
s Chemical, 1976)., Either acid or base speeds the hydrolysis, Iu base, the

_l carboxylate salt of acetic acid is formed,

. by h g g

gli uc-o-g-cu3 —5—> H2C - CH - CHy + 3CH,COOH

b I o 2

E]; HQC-O-C-CH3

Eil H c-o-g-cu ~
[ﬂ; 2| 3 ou OH OH :
‘ ’ uc_o_g_cua —————) HzC - }JH - CH') - 3CH3000 '
re )
TI' nzc-o-ﬁ-cuB

R

ey

In alcohol solutions, triacetin undergoes transesterification ;
reactions, In methanol, the reaction gives glycerol and methyl acetate, 1

3[? H2C~0—g-CH3 iH EH OH
& MeOH A ] 3
- HC"O"@“CH A H2 . H - Hz + 3 CH BCOOLH 3 | v
B 3 K" or O , | .‘!
H2C-0-@-CH3 ; §
Nitrogen nucleophiles such as ammonia or alkylamines will attaci ' 4
the ester leakage to produce amides, 3
H20—0—3~CH3 i
NHj OH OH iH :
nc-o-g-cu3 —-————-{; 3 CH3CONH2 + uzc - EH - CHj L
HZC-O-%—CH3 5
G
i
1
.
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ugc-o-g-cn3

g CH4NH, ?H ?H ?H
HC=0-C=CH3 ———>3 3 CH4CONHCH; + HyC = CH - CHy
Hzc-o-g-cu3

Amide formation ocours move readily than hydrolysis or alcoholysis and is
. cssentially irreveraible, 1t will not occur in acidic solutions where the
nitrogen compounds exist as non=nucleophilic ammonium ions,

wt
RNH, (....__9 RNH

T}eatment of triacetin with strong acid could result in several
b reactions following hydrolveis. Either dehydration or a pinacol type re-
arrangenent of glvcercol would form 3=hydroxy propionaldehyde,

OH OH ?H +

" E | cone., ll_;>
HypC = CH = CHy — HOCH, CH, CHO

The hydroxyaldehyde can either decompose to acetaldehyde and formaldehyde in

u reverse Aldol condensation

: OR”

A HOCHgCHaCHO ~ =——————> HyCO + CH4CHO
f or eliminate a second molecule of water to form 2=propenal.
o o+

¥ H

“.'1 H()CHéCHZCHD e ey }12C:CHCHQ + Hzo

p The a=f unsaturated aldehyde can act as a Michael acceptor, undergoing
nucleophilic addition at the 8 position

Nu + HyCZCHCHO —————>  Nu=CH,CH,CHO

i 2. Environmental Reactiona
”% Triacetin will hydrolyze slowly in neutral waters, Hydrolyaias
3 occurs more rapidly in acidic or alkaline environments.

s

j Triacetin

) R, oy ut R

r CHp0 + CH3CH r—— liOCHz-CH()H-CH20H<_——'->___ HpC=CHCH

] -222- (V1I11-12)




1f the acldity is high ¢nough to promote formation of Ef=hydroxy=
piopdonaldehvde, the above equilibrium will be entublished., Dissipation
of formuldehyde and acotaldehiyde and the favored formation of the gem=dicl
fn water will prevent recondensution, resuwlting in not chemicul degradation
of triacetin to the lower aldehydes and acecic acid,

—_—
CHa0 + M0 & ? HO=CHy-OH

3. Sampling and Analywis

ﬁ Sopranettl and Redch (1977) uned a Porkin=Elmer $00 gras chromato=
3 araph with a flame fonlzation detector to dotermine triacetin along with
nitvoglveurin, dinttrotolulene, diphenylamine, and dibutyviphthalate,

A pas chromatographic procedure hag been developod for analysis of
trlacetin in a mixture of acotlne, allyl acetate and acetic acld (Tragaevet
Vi ol 1976),

Trowell (1969, 1970) determined triacetin by gar chromatography in

b, aged double bane propellants, Quantitative analysis of triacetin was pere
. formed slong with 2=nitrodiphenylumine, dimethyl sebucate, dimathyl phthalate,
J rosorcinol, and mone=, di=-, and trindtroglycerine,

Landvam «t al, (1970) uaded dry-column chromatography to separate

trdavetin from other components in double base propellants, Quantitatlive
l determinntion was done by IR abrorbance at 1748 em=1, ]
| . D, Unud_ In Army Munditions ?

1
l l. Purpones 3

] Triacetin I8 used as a plasticizer in the following propellant ! %
! formulations: by

| X Triacetin in formulation

NOS TH~AA=0 3,28 L

| RAF 8.8 |

‘. PNJ 8,16 %
i | Bermite 110 |
3 j
é These formulations are double base propellants made by both molvent and ‘ ;
] solventlesms processes. Triacetin is curvently in uxe only at Radford AAP, 4
! 1 although it has been used in the past ar Badger AAP and Sunflower AAP an | -
! w1l ’
: Wt ]
1| |
} :
4 ’ A
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2, Quantities Used
d. Historical Use

Duxing the period 1968-1977, Radford AAP processed an average
of 68,700 1lb/yecar of triacetin. About 1/3 of this amount was used for sol-
ventless propellants, An additional 1/6 was used for solvent proceas double
base formulations. The tremainder was not accounted for by propellant pro=-
duction statistics.

The specific amount of triacetin purchased by RAAP during
1968-1977 1s gliven below (Watts, 1978):

196 1969 1970 1971 1972 1973 1974 1975 1976 197

0

0 39,830 198,560 160,690 41,980 43,280 43,040

b, Current Use

The average use rate of triacatin at Radford AAP was about
5,900 1b/month during 1977. None of the formulations specifying triacetin
were produced during December 1977, so the rate of consumption for that month
wau zero,

C. Use at Full Mobilization

At full mobilization, 12,200 1b/month of triacetin would be
used at Radford AAP, The average use rate during 1977 represented about
487 of the full mobilization use rate.

3, Documented or Speculated Occurvences in Air or Water

The specific concentration of criacetin in propellant waste
effluents has not been measured. Effluents containing triacetin would be
derived from the fullowing sources:!

- Preparation operations including weighing, grinding
or clasaification. Dust or particulates are collected
in wet scrubbers, from which both solid wastes and
contaminated effluents may be generated,

- Residues from washdown operations generate effluents
which are filtered and discharged. Collected solids
are transported to the burning grounds,

= Process water from manufacture of propellants by the
solvent process, Thuose effluents appear in the C~line
waste water stream, the 48 inch general purpose sewer
an the solvent recovery area diacharges.

-224= (Vi11-14)
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- Process wastes from solventleass propellant menufacture,
. These effluents appear in the rolled powder ai1:-a waste
. streams.

: Approximately 1-6% of the double base propellants prcduced are lost
i to waste streams (Dickenson, 1978). Thie would account for mn average loss
of 60 to 3€0 lb/month of triacetin based upon 1977 use rates, Additional
loases from chemical preparation operations would be approximately 120 to 180
lb/month., Thus, total current losses of triacetin are on the order of 180 to
540 1b/moath. At full mobilization, these losses would rise to 700 to 2000
i1b/month, Due to the high solubility of triacetin in water, virtually all
the triacetin lost will be present in the waste streams.

E. Uses in the Civilian Community

1. Production Methodology

Triacetin is prepared by direct acetylation of glycercl. This
reaction may be accomplished with either acetic acid, acetic anhydride or
acetyl chloride. Acetylation with acetic acid is an equilibrium process
which is driven by removal of water from the gystem.

HZC-O-g-CH3
[
HO-CH,CllOH=CH,O0H +  3CH4COOH <r___21 HC-O-g-CH3 +  3H0

uzé-o-g-cna

Acetylation with acetic anhydride or acetyl chloride is irreversible.

B, c-o-ﬁ-cu
HO-CHpCHOU=CHpOH  +  3(CH,C0),0 ——> uc-o-g o, * 3Ok

2C-O-C-Cl{3

ZC-O-g-CHJ
UO-CHyCHOR-CHOH  +  3cHpcock ——3 1 o cu, * Wl

HZC-O-E-CH3

=225~ (VIII-15)
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Triacetin may also be produced by treatment of a [iquid mixture of allvl
acetate and acetlc acid with U7 in the presence of & bromine catalyst.

2. Manufacturers, Production, and Capacities

The three U,S, manufacturers of triacetin are listed below
(S.R.I. 1977),

Table VIII=2, U.S. Manufacturers of Triacetin.

Uss
Armak Indust. Chem. Div, Phil., PA primarily captive
Union Carbide, Chem. & Plastics Institute, W.VA., primarily sales
Div. South Charleston,
W. VA,
Eastman Chemical Products Inc. Kingaport, TN primarily sales

Armak i{s curremntly operating at a capacity of 30,000 pounds per month. Union
Carbide andi Eastman's capacities are unavailable. Historical production
figures are also unavailable,

3. Usages

Triacetin's primary use is us a plasticizer in cellulose resins,
Minor uses include! a solvent and zarrier in pharmaceutical prepara-
tiona, & solvent and fixative in perfumes and flavors, and an ingredient
in 1ukRs lor prioting vn aonabsorbent surfaces (Fastman Chemicals, 1976),

4, Future Trends
No new uges for triacetin are anticipated.
5. Documented or Speculated Occurrences in the Environment
Triacetin occurs naturally in the seed of Euonymua europasus
(Kirk and Othmer, 1966), 1t has been observed in ethancl extracts from
cigarette filters (Constantinescu, 1974). Because of its widespread use

in disposable items, significant quantities of triacetin are expected to
be found in the environment from civilian usages.

=226~ (VI1IT-16)




F. Compariaon of Civilian and Military Uses of Triacetin

Triacetin is produced by three manufucturers {n the United States. Al-
though total capacities and production statistics are unavailable, a good
estimate of current capacity is ~1 million lb/vear. At current production
rates, Radford AAP uses 43,000 1b/vear or about 4% of the United States pro-
duction capacity. At full mobilization, Radford AAP use of triacetin would
be 150,000 1b/vear. If Badger and Sunflower also use this chemical at a full
mobilization rate of 150,000 1b/ycar, the total Army usage would be 45% of
the civilian production capacity. Although triacetin is not a military
unique chemical, at full mobilization of all prcpellant plants, the milicary

uses of triacetin could account for almost half of the United States produc-
tion capacity.

G,  Toxicological and Environmental Hazards

1. Toxicity to Mammala

Triacetin has a low toxicity to mammals. The oral and intra-
peritoneal LD50 for rats and rabbits is presented in Table VIII-), Triacetin
is most toxic (LD50».8 - 1.6 g/Kg) vhen intraperitoneal doses are given.
Shapira @2 al. (1976) substituted triacetin for fat in rat diets. They
found that 30-40% of triacetin in the total diet still produced normal

welight gains. Patty (1962) also reported triacetin in rat diets produced
normal weight gains in levels up to 55%.

2.  Aquatic Toxicity

The distribution of triacetin in the aquatic environment has not
been atudied. Warner ¢t «l.(1978) found a 48 hour EC50 (effective concen-
tration to S0X) for Daphnia magma to be between 1-5 ppm. Using the fathead
minnow (Pimephales promelase), the 96 hour LCS0 was 223 ppm. Trom thls Jdata
triacetin is moderately toxic to aquatic organisms.

Radford AAP's current uses of triacetin range from 5900 lb/mo to
12,200 1b/mo at full mobilization. Loss estimates are 180-540 1b/mo at current
production rates and 700-2000 1b/mo at full mobilization. Since triacetin is
very soluble in water (61 g/l), virtually all the triacetin lost will be
found in the waate streams. Table VIII-4 shows the levels of triacetin that
could be found at differsnt flow rates and degrees of mixing. From this
data and the acute toxicity atudies, triacetin could have some toxic effects
on aquatic organisms in a limited area of New River. However, at a low pH,
triacetin will be hydrolyzed to acetic acid and glycerol.

=227~ (VI11-17)
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Table VIII=3,

Species

Rats

Mice
Rats
Mice

Mice

Mice

Dose Route of
(8/kg) Admints.
6,4~12,8 Oral

3.2=6.4 Oral

0.8-1.6 Intraperitoneal
0.8-1.6 Intraperitoneal
8.0 Oral

1.52 Intraperitoneal

Toxicity of Triacetin to Mammals,

LD50

Reference

Eastman Chem.
Co,, (1976)

Lawvrence ¢t
al., (1974)

Table VIIl-4.

Degree of Mixing
1%

10%

100%

Mobilization,

Low Flow (336 mgd)

2.4
0.24

0.02

Triacetin Levels (ppm) in New River at Full

Average Flow (2500 mgd)

0.31
0.03

0.003

3. Toxicity to Microorganisms

Triacetin, because of its water solubility (61 g/l water), is used
as a carrier in fungicidal compositions (Kirk and Othmer, 1966), It isdoubt-

ful that it is toxic to the microorganisms,

hydrolyze

easily metabolized by microorganisms.

4, Availability of Literature for Phase 11

At a low pH, triacetin will slowly
to acetic acid and glycerol and both of these compounds would be

Although the amount of toxicological and environmental literature
on triacetin is not plentiful, sufficient literature appears to be avallable

(VIII-18)
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fur a Phase 11 study. Literature is also available on toxicological and
environmental properties of similar glycerol derivatives.

H. Regulations and Standards

There are no standards or regulations directly applicable to triacetin.
However, this compound is listed in EPA's "Toxic Substances Control Act List
of Candidate Chemical Substances'.

I. Conclusions and Recommendations

|

The goal of this preliminary problem definition study was to determine i
the Army's responsibility for conducting further research on triacetin.
From the data evaluated during this study and presented in this report,
the following conclusions can be drawn. i

1. Triacetin is not a military unique compound. However 45X of the
9 civilian production capacity could be used in propellant manufacture under
1 full mobilization conditions.

2. The civilian uses of triacetin are wide spread; the civilian
pollution is aiso widespread.

3, Mammels exhibit a low toxic response to triacetin.

4, Aquatic and invertebrate life ars fairly sensitive to this compound
with reported LC50's in the range of 1-250 ppm.

5. At full mobilization, significant effects on aquatic life near
Radford, Badger and Sunflower could occur. !

Further environmental studies on triacetin could be of some benefit.
However, triacetin should be affectively eliminated from the waste streams at
Radford AAP when the new treatment facility is in operation. Therefore, any
further environmental studies on this compound should be low priority.

rhatom o el DG Be N L it
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SUMMARY

Lead salicylate is used as a burning rate modifier in solvent and
solventless double base propellants., This compound is currently only used
at Radford Army Ammunition Plant. At current production rates, 3000 1lb of
lead smalicylate are used at Radford AAP esach month. This usage represents
full production capacity of the propellants employing lead salicylate in : ‘
. their formulations, Losses of lead salicylate to the environment from Radford ‘ .’
oL AAP operations are estimated at 45-150 lb/month. } {

Lead salicylate is manufactured by one civilian firm. Potential prod-
uction capacities for this chemical are estimated at A~ 1 million lb/year.
In the civilian market, lead salicylate is used as a stabilizer in flooring
and other vinyl compounda requiring good light stability,

Lead salicylate is toxic to mammals. It is readily absorbed through
the skin. The aquatic toxicity of this compound is unknown. However due
to the limited solubility of lead salicylate, the aquatic toxicity is
probably low. '

. The absence of production statistics makes an evaluation of the military
versus civilian usage difficult. However, it is estimated that the Army
uscs Vv 1/3 - 1/2 of the lead salicylate produced by the civilian community.
The Army propellant manufacture is probably the main sourca of anvironmental
pollution of this compound. Therefore, it is recommended that lead 3
salicylate be included in the detailed Phase II toxicological and environ- '
mental evaluations.
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I
f; . FOREWORD

‘- " This report details the results of a preliminary problem definition
study on lead salicylate., The purpose of this study was to determinae the

i Army's responsibility for conducting further raesearch on luad salicylate in
i ordar to determine its toxicological and environmental hazards so that
effluent standards can be recommended. In order to determine the Army's re-
sponsibility for further work on lead salicylate, the military and civilian
| usage and pollution of this chemical were evaluated. In addition, a pre=

' liminary overview of toxicological and environmental hazardas was conducted,

| Lead salicylate was only one of the 48 chemicals evaluated under Phase
! IA of contract No., DAMD17~77-C-705/, These chemicals are grouped in four
categories

explosives related chenicals
propellant ralated chemicals
pyrotechnics

primera and tracere

ach category is a major report, Section I of each raport is an overview of
tae military processes which use esch chemical and the pollution resulting
from the uame of these chemicals, The problem definition study reports on
sach chemical are separablae sections of these four reports,

—

In addition a general mechodology veport was also prapared. This report
describes the search strategy and evaluation methodology utilized for
this etudy.
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IX. LEAD SALICYLATE

A. Alternate Names

Lead salicylate is a stabilizer used in vinyl compounds requiring good
light stability. Lead salicylate has a molecular formula of Cj4H OgPb cor~
responding to a molecular weight of 481.21 g/mole, It has the folgowing
structure

I
C=o0"

OH
g
2
Fertinent alternate names for lead salicylate are listed below:
CAS Registry No.i 15748=73=9
Alternate Registry No(s).: 16183-13-4; 14901-86-5; 824=-37=-3
CA Name (9CI): Lead, bis(2=hydroxybenzoato-0(1),
0(2))'0('1'-4)"‘
CA Name (8CI): Lead, bis (salicylato)=-
Synonyms: Salicylic acid, lead(2+)salt(2:1);
Benzoic acid, 2-hydroxy-, lead(2+)
salt(2:1)

B. Physical Properties
The physical properties of lead salicylate are presented in Table IX-1,

Table IX-1, Physical Properties of Lead Salicylate (Hawley, 1977).

Physical Form @ 20°C: soft crystalline powder

Color: creamy white

MP.2 N.A.

B.P.: N.A,

Specific Gravity: 2.3 g/cm3

Refractive Index: 1.78

Solubility: soluble in hot water and alcohol

c. Chemical Properties

1. General Reactions
Detailed investigations into the ch-ical behavior of lead salicy-

late have not been reported in the literature. Lead salicylate is soluble
in hot water and has some solubility in cold water, Step-wise hydrolysis

-241- ax-9)




will probably occur upon dissolution,

b (DOC=CgHy OH) ) T2 P(O0C-CgHLOR) ™ + HOOC-CoH 00 =2 PbYF + HOOC-CgH,OH

This hydrolvsis and thus the solubility of lead salicylate should increase as
the pH decreases, In solutions of high pH, lead salicylate would be expected
to form soluble basic salts, These reactions will occur in the environment
depending on the conditions encountered.

2. Sampling and Analvsis

Quantitative analysis of organclead compounda may be accomplished
by ramoving the organic constituent by oxidation, The resulting lead oxide
may be determined by stomic absorption. Lead may also be determined color- ‘
imetrically with dithizone, The red lead dithizonate iz quantitated by o
absorption at 520 nom (Franson, 1975).

D Uses in Army Munitions “@

1. Purposes

Lead salicylate is used in the production of both svlvent and
solventless double base propsallant. The following formulations require lead
salicylate: 1

X Lead Salicvlate in Formulation

RAP 1.2
RAP/8 1.2
PNJ for TOW 1.93
PNJ casting powder 2,93
ARP casting powder 3,0 + 2.5
ANH casting pawder 2.3
N‘S 1|2
NOSIH-AA-2 1.5
NOSIH=-AA-6 1.5
Bermite 2.5

Currently, lead salicylate is used only at Radford AAP. In the past, it has
been used at Badger AAP and Sunflower AAP,

2. Quantities lUsed
a. Historical Use
During 1968-1977, Radford AAP purchased an average of 46,000

lb/year of lead salicylate., Propellant production accounted for about 33%
of this amount, with 78% of the lead salicylate used in propellants going
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into solventless formulations, predominantly N=5 and NOSIH~AA-6, The remain-
ing 47% of the purchased amounts were sent to other propellant facilities,
or in some cases, returned to the vendor.

The specific amounts of this lead compound purchased by Radford AAP
during 1968=1977 are listed below (Watts, 1978):

1968 1969 1970 1971 1972 1973 1974 1975 1976 1977

206,800 835,600 0 0 0 26,000 66,000 10,200 24,200 39,600

b.  Current Use o !

i? . During 1977, Radford AAP used lead salicylate at the rate of I
about 3000 lb/month. 1In December, 1977, the use rate was at this level for ‘

i. production of 100,000 1b of ARP casting powder by the solvent process.

4

Cs Use at Full Mobilization

!' The current use rate of lead salicylate, 3000 1lb/month, also
repreaents the full mobilization use rate of this material.

} 3. Documentud or Speculated Occurrences in Air or Water

The actual concentration of lead salicylate in waste streams at ‘
. Radford AAP has not been measured. Effluents containing lead salicylate E
} would be expected to be generated from the fullowing sources: |

) (1) Preparation operatione including weighing, grinding or classi-
} fication, Dust or particulates are collected in wet acrubbers,
from which both solid wastes and contaminated effluents may be

generated,

i

Residues from washdown operations generate effluents which are
filtered and discharged. Collected solids are transported to _
the burning grounds. |

i (3) Process water from manufacture of propellants by the solvent

E process. These effluents appear in the C-line wastewater

3 i stream, the 48-inch general purpose sewer and the solvent -
ot recovery area discharges. |

~~
|
~
e I ST ¥ S DS a Py ey~

&' 2 (4) Process wastes from solventlass propellant manufacturc. These _i
: effluents appear in the rolled powder area waste streams. -

]
It is estimated that 1-6% of the double base propellants produced
are lost during solvent processing operations., Solventless propellant pro=- |
cessing normally results in losses of 1-5% (Dickinson, 1978). Another 2-4%
of the lead aalicylate used may be loast during preparation operations, Thus, i

| the total loases of lead sclicylate to waste streams is estimated at 90-300
! 1b/month, This figure is also representative of full mobilization operations,

It is estimated that 1/2 of the lead salicylate lost evantually enters the \
1 New River, ’

=243~ (IX~11)

.
|
E




E.

1. Production Methodology

Lead salicylate is produced by the reaction of litharge (yellow lead
oxide) and salicylic acid (NL Industrial Chemicals. 1978).

COOH €oo™ | -
PbO + e H,0 + Pb
. OH 2 OH 2

The pracipitate is filtered and the reaction medium recycled to reclaim dis-
solved materials. The lead salicylate is washed, then dried under dust col-
lection. Figure IX=-l ias a flow diagram of the process.

3

2. Manufacturers, Production and Capacities
Lead salicylate is manufactured under the trade name Normasal by
NL lndustriaes at plants in Oakland, California and Philadelphis, Pennsylvania.
Production figures, plant capacities and details of the production process are
unavailable due to their propristary nature.
3. Usages

Lead salicylate is used as a stabilizer in flooring and other vinyl
compounds requiring good light stability (Hawley, 1977).

4., Future Trends

No naw civilian applications for lead salicylate are anticipated.
5. Documented or Speculated Occurrences in the Environment

No environmental occurrences of lsad salicylate have been reported.

F. Comparison of Military and Civilian Uses and Pollution

The civilian usage of lead salicylate is not as wide spread as the other
lead socaps such as the stearate. Civilian production is lese than 1 million
pounds per year. Due to the similurity in production processes for many of
the matallic soaps, facilities could be converted to lead salicylate manuface
ture to meet market demands. For this reason, actual civilian production
capacity could be much greater than 1 million pounds per year,

Current use rate of lsad salicylate at RAAP is 3000 lb/month. This
number also represents projected mobilization usage. If Sunflower and Badger
were using lead salicylate at the same full mobilization rate, the Army would
be using 108,000 lb/yr. This number appears to ba a low estimate since RAAP
alone purchased over 200,000 1b of lead salicylate in 1968.

_2“‘_ (IX‘IZ)
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Figure IX-1, Manufacture of Lead Salicylate.
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At current use rate, the Army is probably one of the major users of lead
. salicylate, The Army 's current purchases are estimated to be 20% of the i
, . civilian production of this chemical., At full mobilization, with all propel-

: lant plants operating, the Army usage would be 0% of the civilian production.

The Army is probably one of the major polluters of lead salicylate. {
However, when compared to total U.S. lead pollution, any lead salicylate N
entering the environment for propellant production is small., However, the -3
potential danger to the local aquatic system around the propellant manu- ; :
facturing plants is not srall,

G. Toxicological and Environmental Hazards 4 "

1. Toxicity to Mammals

No mammalian toxicological studies spacifically on lead sulicylate
were uncovered in the recent literature. However, Sax (1976) indicates that _3
lead salicylate is toxic and readily absorbed through the skin.

2, Aquatic Toxicity I

Aquatic toxicity studies on lead salicylats are nonexistent, how-
ever, the toxicity of other low soluble organic~lead coupounds is low (Cairns .
and Dickson, 1971). The stability of lead salicvlats in aquatic systems has {
not been studied, Howsver, it is likely that a substantial smount of lead '
salicvliate is degraded to Pb™ either through chemical procasses or by
micro~vganiems., The lead will be precipitated as the hydroxide, carbonate cor !
sullate depanding on the envivonmental conditions encountered. '

The aquatic toxicity of lead to the aquatic environment is well
documented (Lambou and Lim, 1970), Bioassay data available indicate that S
lead is more toxic in soft water (less than 50 ppm CaCO3) than in hard water

systemg, This difference in toxicity is due to the unavailabilicy of ionic
l2ad in hard water systems.

Losses of lead salicylate from Radford AAP oparations to tha New
River are estimated at 45-150 lb/month. Lead salicylate has a low solubility
in cold water and most of the compound will be found in the sedimant, A
study by Weitzel ¢t aql, (1976) appears to confirm this conclusion, They : '
found total lead levels in New River water to be batween 1-2 ppb. Lead levels ' }
in the sediment averaged greater than 100 ppm. !

The acute effects of lead salicylate on the aquatic organisms in ; .i
New River are probably minimal, However, the long term accumulation of lead .
compounds in the sediment would gradually increass the toxicity of the

sediment in New River near Radford AAP and further downriver where sediment
particles would accunulate,
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3. Toxicity to Microorganisms and Invertebrates

No data on the toxicity of lead salicylate to microorganisms or
invertebrates was found in the literature.

4. Phytotoxicity

No phytotoxic information on lead salicylate was encountered,
However, phytotoxic data on lead was obtained and may be indirectly re-
lated,

The pattern of lead uptake by plants has been rarely studied and
little can be concluded ahout the mechanism involved. The uptake of lead
was reported constant with increasing levels of soil lead, until a certain
poin; is reached when uptake becomes unrestricted and rises abruptly (Nicolls
et al., 198S5). '

Only soluble lead salts and ionic lead are available to plant
roots. The uptake of lead by ryegrass grown in a solution containing lead
is shown in Table IX-2 (Hepple, 1972). Tha total content of lead in roots
plus shoots of perennial ryegrass increases with increasing levels in the
s0il. The roots take up lead readily but pass on only a small proportion
to the shoots. Thus, the roots act as a barrier which restricts the move~
ment of lead salt through the plant to growing animals. During winter
montha when plant growth is low, a considerable increase in the lead
contents of the ryegrass shoots was observed. An 8-fold increase in total
lead content of a roil did not cause any sipnificant increase in the lead
content of bromegrass grown on the soil in a greenhouse (Motto et al., 1970).

Corn was grown in the field where lead acetate had been soil-applied
at eight rates ranging from 0 to 3,200 kg lead/ha., No change in emergence,
plant height, grain yield, color, maturity or other growth differences
were observed during the 2-year study (Baumhardt and Welch, 1972).

Five crops (cauliflower, tomatoes, cabbage, strawberries and
valencia oranges) were analyzed for their lead content by Schuck and Locke
(1970). These plants revealad little inclinations to absorb lead via their
root system (Schuck and Locke, 1970).

5. Availability of Literature for Phase II
There is very little recent U.S. literatura on lead salicylate.

Toxicolgical and environmental information would have to come from the foreign
literature and the manufacturers files.
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i hba m B b A B LT e S t e AT il




Table IX-2. Lead Uptake by Perennial Ryegrass Grown
. in Solution-Culture (Hepple, 1972).

Pb content of plants at 14 days after
addition to solution

Level of P
added to solution Roota Shoots
(ppm) (ug) (ppm) (ug) (ppm) (ug)
0e 4% 400 98 201 3 37
1.0+ 12500 3696 9610 104 1055

* In 1 liter of static solutiom-culture; comtrollad environment.
experiment,

+ In 12.5 liter of flowing solution-culture; glass—house experimen:.

IX-17
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H. Regulations and Standards

1, Alr and Water Standards

There are no air and water standards specific for lead salicylate.
However, criteria have been set for lead in potable and effluents (EPA, 1976).
For potable water the lead content can be no greater than 50 ug/l. Due to
the variability of lead solubility and toxicity in different waters, ths
following criterion has been set for effluenta (using the receiving water
28 a diluent),

= 0,01 times the 96~hour LC50 value expressed as dissolved lead
for the moat sensitive species.

This criterion requires that 96=hour LC50 test be performed with the actual
water samples and the most sensitive species in the local ecosystem.

2. Human Exposure Standards

No specific standards for lead aalicylate have been set for
occupational exposure to this chemical. Howeves, a criteria document
has recommended an air standard of 150 ug(Pb)/m° for lead stearate ( NIOSH,
1977). A similar TLV for lead salicylate should afford workers adequate
protection.

I. poncluuions and Recommandations

During the preliminary problem definition study, we have attempted
to evaluate the military and civilian usage and pollution of lead salicylate.
Due to the proprietary nature of the civilian production of this clhiemical,
only estimates can be made of the percentage of the civilian production
of lead salicylate used by the Army. It is estimated that the Army uses
1/3 to 1/2 of the amount of this compound produced in the United Statas
each year. The Army's propellant production is also probably the main source
of pollution of this chemical.

Lead salicylate is toxic to mammals, being abaorbed through the skin.
Its toxicity to aquatic organisms is probably low. Accumulation of the lead
salicylate and load rasulting frow breakdown of thie compound is expected to
occur in the sediment of the New Rivar,

Based on the information unco/ered in this study, the following studies
are recommended

- Phase II dutailed analysis of the toxicological and environmental
literature

-~ analysis of sediment samples and bicta to determine accumulation
of lead salicylate

- aquatic toxicity studies may be warranted depending on the
results of the Phase 1II study,
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SUMMARY

Lead stearate is used 'n the bermite grains and the ROLAND propellant
as a burning rate modifier. These propellants are not currently being
produced by the Army. If these propellants were produced at full capacity,
500 1b/month of lead stearate would be used at Radford AAP,

The civilian production of lead stearate was 1,254,000 lb/year in 1976.
This compound is used as a general purpose and high pressure lubricant and
heat stabilizer for PVC compounds. Due to its many civilian uses, pollution
from civilian uses of lead stearate is expected to be wide spread.

Lead stearate is moderately toxic to mammals. The toxicity of this
compound to aquatic organisms is unknown., However due to its limited
solubility, the aquatic toxicity should be low unlass it is hydrolyzed to
fres lead.

Lead stearate is not a military unique chemical. Bacuase of the limitad
use of this compound in propellant production, further studies by the Army
should be of low priority,

i T A el P TR T (PR




e T

5 TR Wi R

FOREWORD

This report details the results of a preliminary problem definition
study on lead stearate., The purposs of this study was to determine the Army's
responsibility for conducting further research on lead steaxate in order to
determine its toxicological and environmental hazards so that effluant .
standards can be recommended., In order to determine the Army's responsibility
for further work on lead stearate,the military and civilian usage and pollu-
tion of this chemical were svaluated. In addition, a preliminary overview
of toxicological and environmental hazards was conducted.

Lead stearate was only one of the 48 chemicals evaluated under Phase IA
of contract No, DAMD17=77=C=7057. These chemicals are grouped in four
catagories

explosivas related chemicals
propellant related chemicals
pyrotechnics

primers and tracers

Each catagory is a major report, Section I of each report is an overview of
the military processes which use each chemical and the pollution resulting
from the i ‘@ of these chemicals. The problam definition study reports on
each chem..al are separable sections of these four reports.

In addition,a general methodology report was also prepared. This report
describes the search strategy and evaluation methodology utilized for thie

.tudy .
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X. LEAD STEARATE

! A. Alternate Names

i o e e,

compounds, It exists in several forms

—e—n

sitions are given below!:

Normal Lead Stearate

{ Molecular Formula:
Molecular Weight:
CAS Regisiry No.:

l Replaces CAS Registry No's.:

CA Nanme (9CI):

CA Name (8CI):
d } Wiswesser Line Notationm:
i ! Synonyms:

Neutral Lead Stearats

) ' Molecular Formula:
CAS Registry No.:
| Replacas CAS Registry No's.:
; CA Name (9CI):
CA Name (BCI):
. Wiswesser Line Notation:
' Synonyms:

‘ Dibasic Lead Stearates

Molecular Formula:
} CAS Registry No.:
CA Name (9CI):
i Synonyms:

B, Phyaical Properties

Table X-1.

=-261=

Lead stcarate is a metallic soap used as a stabilizer for polyvinyl

depending on the conditions of manu-

facture., The pertinent alternate names for the various lead stearate compo-

18H3502°1/2Pb

2 15 g/mole
1072-35-1
$150-54=9; 11097-78=2;
15737-12-9; 37223-82-8
Octadecanoic acid, lead (2+) salt
Stearic acid, lead (2+) salt
QV17 & 2Pb
Lead distearate; Lead(II) stearate;
Lead (2+) stearate; Normal lead
staarate

3350 +xPb
7%28-4830
16893=63-3; 37223=94-2
Octadecanocic acid, lead salt
Stearic acid, lead palt
QVl7 & -Pb
Austrostad 110E; Lead octadecancate;
Lead stearate; Liatab 28; Neutral
laad stearate

Unknown

52652-59~-2

Octadecanoic acid, lead salt, dibasic
Lead stearate, dibasic

The physical properties of the lead stearates are presented in

(x-9)
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i Table X-1. Physical Properties of Lead Stearate.*

¥ Normal Lead Stearate .

i Physical Form @ 20°C: solid powder
£ Color: white !
i Odor: fatey i
[ M.P.: 115.7°C
i B,P.! - . :."
Refractive Index: 1.877, 1.822, 1.894 B »
eoluble in toluene, turpentine, hot b
minaral ofl i g
Specific Cravity: 1.34 g/cm * -
Flash Point: 2320¢ | 3
Solubility: water - 0.005g/100g @ 35°C :
0.006g/100g @ 50°C E

ethyl ether - 0,005g/100m) @ 14.5°C
insoluble in alcohol

Dibasic Lead Stmarate

*References: Hodgman et al., 1963; Sax, 1975; Witco Chemical, 1978;
Kirk und Othmer, 1965.

Phyeical Form @ 20°C: solid powder s
3 Color: white o A
1 ' M.P.: . decomposes 4
- Specific Gravity: 2,00 { ’
} v
i
e L b,
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C. Chemical Properties

1, Ganeral Reactions

Detailed investigations into the chemical behavior of lead staarate
have not been reported in the literature, Lead stearate is slightly soluble
in water (0,005 g/100g). Hydrolysis ia expected to occur step-wise!
Pb(00C-C7H35)p === Pb(00C-Cy7Hq5)T + HOOC-CijHasT== Pb*" + HOOC~CyqHas
This hydrolysis and thus the solubility of lead stearate should increase as
the pH decreases, 1In solutions of high pH, lead staarate would be expected
to form soluble basic salte. These reactions will occur in the environment
depending on the conditions encountered,

'y

2. Sampling snd Analysis

Quantitative analysis of organolead compounds may be accomplished
by removing the organic constituant by oxidation., The resulting lead oxide
may be determined by atomic absorption, Lead may also be determined color-

imetrically with dithizone., The red lead dithizonate is quantitated by
absorption at 520 nm (Franson, 1975).

D. Uses in Army Munitions

1. Purposes

Lead stearate is used in conjunction with lead salicylate as
burning rate modifiers in bermite grains. The amount of lead stearate in
the formulation is 0.5%, Lead stearate is also used in the ROLAND propellant
formulation. Propellants containing lead stearatc are not in current Army

production, However, they have basn produced in the past at Radford AAP,
Badger AAP and Sunflowar AAP.

2. Quantities Used
a. Historical Use
Radford AAP procured 27,127 1b of lead stearate during the
period 1968-1977. 1In 1972 and 1973, the purchase rates ware 6,450 and 10,000
lb, respectively. Production statistics do not show any use of laad stear-
ate in propellanta Aduring the period 1968-1977, howaver,

The specific amounts of this lead compound purchased by
Radford AAP during 1968-1977 are listed below (Watts, 1978)!

1968 1969 1970 1971 _1972 _1973 1974 1975 1976 1977
1,500 35,100 37,250 0 6,450 10,000 0 84h 733 250
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b, Current Use

Lead stearate is not currently used in the manufacture of
propellants at Radford AAP, Plans for future use of lead stearate are
uncertain,

Ca Use at Full Mobilization

The full mobilization use rate of lead stearate at Radford
AAP would be approximataly 300 lb/month for bermite gzain and ROLAND pro-
pellant production.

3. Documented or Speculated Occurrences in Alr or Water

The actual concentration of lead stearatu in wasie streams has not
been measured, Its use tends to be sporadic, therefors most of the time no
leud stearate is being discharged. When lead stearate is in use, losses would
be expacted from chemical preparation oparations and from solvent processing
operations. This operation could lead to losses of 10 to 50 lb/month, ~50%
of which would be expected to appear in the ¢ffluent streams which enter the
New River,

E. Uses ip che Cdvilian Comyunity
1, Production Methodelogy

The manufacture of lead stearate consists of two chemical astaps:
1) Cﬂa(CHz)]_6COOH + NaOH emammdy CH3(CH2)16000NC + Hp0
(2) CH3(CHy)ygCUONE + Pb™ a3 (CH3(CH2)16C00)2Pb + 2Na*

The reactions are run as batch processes. Stearic acid is added
to an aqueous caustic soda solution to make a 5% sodium stearate solution.
A 10-15% lead(I1) salt solution is added slowly and lead stearate praclpi-
tates. The slurry is filtered, then washed., The crude lead stearate is
dried and ground to uniform perticles (Kirk and Othmer, 1965).

2. Manufacturers, Production and Capacity

The manufacturers of lead stearute are listed below:

Table X~2. Manufacturers of Lead Stearate

Diamond Shamrack Corporation Cedartown, Georgia

NL Industries Incorporated Philadelphia, Pennsylvania
‘The Norac Company Lodi, New Jersey

Smith Chemical and Color Jamaica, New York

Witco Chemical Covrporation Clearing, Illinois
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Diamond Shamrock, NI. Industries, and the Ncrac Company also manufacture di=-
basic lead stearate (S.R.I., 1977). 1Individual plant capacities are unavaii-
able, In 1976, U.S. production of lead stearate was 1,254,000 1b, Total
metal stearate salt production was over B0 million pounds ( U.S. Tartiff
Commission, 1976).

3. Usages

Lead stearute is used as & general purpose end high pressure pro-
cessing lubricant and medium~efficiency heat stabilizar for translucent and
opaque PVC compounds (Witco Chemical, 1978)., The stabilizing effect is
due to its ability to accept hydrogen chloride. It is also used as a drier
in paints and vurnishes (Hawley, 1977).

4. Future Trends

Prior to 1976, U.S. production of lead stearate was too small to
be reported separatzly from other metal stearates, Production is now greatsr
than one million pounds per year. We 2re awara of n. anticipated major
changes in the civilian lead stearate market.

5. Documented or Speculatad Occurrences in the Enviromment

There are no reports of lead stearate discharges into tha environ-
ment from civilian production or usea,

F. Comparison of Military and Civilian Uses and Pollution

In 1976, Radford AAP purchased 733 1lb of lead stoarate. This purchase
represented only 0,06% ¢f the lsad stearate produced by the civilisn community.
At full mobilization, Fadford AAP's use of leai stesrate would reach 500 1b/
month or 6000 lb/yr, If Sunflower and Badger AAPs also aach used 6000 1b/yr
at full mobilization, then the maximum military usage would be 18,100 lb/yr,
This number represents only 1.4% of the 1976 civilian production.

The main pollution from lead stearste is due to the potsntial release
of lead in the enviromment, Potential releases of as much as 1800 1b of
lead stearate per year from Radford AAP, Badger AAP, and Sunflower AAP could
occur at full mobilizstion. However, the quantity of lead entering the
environment f.om lead stearate in propellant manufacture is insignificant
compared to that entering the environment from other sources such as lead
mining, refining, gasoline additives, etc.

G, Toxicological and Environmental Hazards
1. Toxicity to Marmals

The metallic stearates are widely used throughout the civilian
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industry as otabilizers in polyvinyl chloride polymers. Although tha laad
stearate is used in relatively small amounts in the polyvinyl chloride poly~
mers, many workers come in contact with it for long periods of time.

Caille ¢t al., (1971) have reported cases of lead poisoning among factory
workers engaged in the manufacture and use of lead staarate as well as those
handling the products containing this compound.,

In ordar to determine the potential hazards of the metal stearates
to workers, Russian scientists have studiad the acute snd chronic effacte of
the metal staardtes on rats., They administerad moncbasic and dibasic lead
stearate to rats for several months by intratrachaal instillation (Tarasenko
et al., 1976). The effects on lung tissue at various times and doses is
presented in Table X-3, They found 46.6 of the snimals died when given 50
ug of lead stearate intratracheally; 40X died when 25 mg of dibasic lead
stesrate was administered in the same manner. In these experiments, Tara-
senko ¢t al, (1976) observed the toxic effects of 5 mg of metal stearate
adminieterad by intratrachesl instillation decrease in the crder Cd>Ra>Ca>
IndPb. This ordering shows that the change in toxicity of the metals bound
to stesric acid corresponds to their physical propertiaes,

Tartasenko. ¢t al ., (1976) indicate that the metal stearates which
they studied (including monc- and dibasic lead stearats) axe absorbed through
the skin. Thims statamant is in direct contrast teo claime by Witco Chamical
‘Company, Witco claims that luad atearate is not absorbed through the skin,
Further evaluation of the original Rumsian literature and of other toxicolo-
glcal studies on lead stenrste is necessary to clarify this point,

2.  Aquatic Toxieity

Soluble lead compounds can be highly toxic to organiama present in
the aquatic environment. Normal levels of lead in natural water systems are
less than 10 ppb (Ettinger, 1967)., Typical values for total lead in fish
are 0.5 ppm (Bowen, 1966). The available bioassay data indicate that a lavel
of 100~200 ppb of lead can be toxic to fish (Lambou and lim, 1970). Lead
compounds were also shown to be much wmore toxic in soft water (less than
50 ppm CaCO3) than in hard water, This increase in toxicity is due to the
availability of ionic lead to the organisms in soft water.

Only one study was retrieved from the literature which dealt speci-
fically with the aquatic toxicity of lead stearate. Burton (1971) found .0
lethal effects when oluegills (Lepomie rucroahirus) were exposad to 150 ppm
of leud stearate, The water characteristics for this study were: pH 7,3~
8.3 and hardnesa 35-51 ppm CaCO,. Burton's data correlates with that of
Lambou and Lim (1970) and Aronsén (1971). 1In studies conducted by Lambou
and Lim (1970), no toxic response was observed when fish were exposad to
insoluble lead compounds. Carbonate and organic ligand lead compovnds wars
also shown to have a low toxicity to fiash (Aronson, 1971),
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Table %-3.

Compound

Monobasic
lead stearate

Dibasic
lead stearate

SECRLTETEE NN RS E T IORRT ORI N

Effects of Intratracheal Instillation of Lead
Stearates on Lung Tissues (Tarasenko et al., 1976).

(YR TR TR PRI

50

25

25

Time Observation
4 months proliferation of adventitial cells;
vasculititus
2 months lesions of blood vessal bed; in-
creased vascular permeability;
swalling and plasmovrhagia of the
walls of small arterias
6 months marked sclerosis with foci of
chronic alveclar emphysama
4 montha mild peribronchial sclerosis
2 months poribronchui lclerllil: bronchial
lesions
8 months foul of bronchiectases with peri-
bronchial sclerosis; emphysaoma
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Lead stearate ia not used in propellant formulations currently
being produced at Radford AAP. At full mobiliszation, Radford AAP would usa
~500 lb/month of lead stearate, Effluents to tha Naw River could be as high
as 25 lb/month., Howevar, other lead compounds are used in significantly
larger quantities than the stesrate, e.g., lead salicylate, Tharefore, lead
stearate lossas do not have a significant impact on the lead levels in the
New River,

3.  Toxicity to Microorganisma

No specific wicroorganism toxicity data was found on lead stearate,
However, lead concentrations of 1.0 ppm were found to be toxic to aarobic
bacteria (McKee and Wolf, 1963), MicrolLial decomposition is inhibited by
0,1 to 0.5 ppm of lead,

4e Phytotoxicity

No phy:otoxtn information on lead stearate was sncountered, Hoye
ever, phytotoxic data on lead was obtained and may be indiractly ralated.

The pattern of lead upiake by plants has besn rarely studiad and
little can be concluded about the wechaniam involved. The uptakc of laad
was reported constant with increasing levels of acil lead, until a certain
point ia reached vhan uptake becomes unrestricted and rises abruptly
(NiCOIl' et al., 1965)‘ I

Only soluble lead salts and ionic lead are availabla to plant
roots, The uptake of lead by ryegrass grown in a solution contsining lead
is showm in Table X-4 (Hepple, 1¥72). The total content of lead in vroots
plus shoote of parenanial ryegrase incrauses with increasing levels in the
soll, The roots take up lead reamdily but pase on only a swall proportion
to the shoots. Thus, the roots act as a barrier which restricis ths move-
ment of lead salt through the plant to growing animals. During winter
months when plant growth is low, a conaiderable increass iun the lead con-
tents of the ryvegrass shoots v .. cbserved, An 8-fold increase in total lead
content cf a soil did not cause any significant increacs in the lead con-
tant of bromegrass grown on the soil in a greenhouse (Motto et al., 1970).

Corn was grown in the field where lead aceiate had besn soil-
applied at eigh: rates ranging from 0 to 3,200 kg lead/ha. No changes in
energence, plant height, grain yield, color, maturity or other growth
differences were ohserved during the 2=year study (Baumhardt and Welcl,
1972).

Five crops (cauliflower, tomatoes, cabbage, strawberries and val-
sncia oranges) were analysed for their lead content by Schuck and Locke

(1970), These plants revealed little inclination to absorb lead via their
Yoot aystem (Schuck and Locke, 1970).

~268~ (X=16)
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Table X~-4, Lead Uptake by Perennial Rysgrass Grown
in Solution-Culture (Hepple, 1972).

Pb content of plants at 14 days after
addition to solution

Level of Pb :
added to solution Roots Shoota é
(ppm) (ug) (ppm) (ug) (ppm) (ug) :
0s 4 400 98 201 3 37 L

1+0% 12500 3696 9610 104 1038

* In 1 liter of static lolution-cultufc: concrolln& anvironment
experiment,

e bt s it g, ot . s S MR B

t+ In 12,5 liter of flowing solution-culture; glass~house experiment,
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H. Regulations and Standards
1. Air and Water Standards

There are no air and water standards specific for lead stearats.
However criteria have been set for lead in potable and effluents (EPA, 1976).
For potabla water, the lead content can be no greater than 50 ug/l. Due to
the variability of lead solubility and toxicity in different waters, the
following criterion has been set fnr effluents (uaing the receiving water
as a diluent).

= 0.01 times the 96-hour LC50 value axpressed as dissolved
laad for the most sensitive apecies.

This eriterior requires that 96=-hour LC50 test be performed with the actual
water samples and the most sansitive spacies in the local ecosystanm.

2. Human Exposure Standards

No specific standards for lead stearate have besn set for
occupational exposure to this chemical. However, a criteria document has
recommended an air atandard of 150 ug(Pb)/m3 for lead stearate (NIOSH, 1977).

1. Conclusions and Recommendations .

In order to assess the Army's responsibility for conducting further
work" on lead stearats, the data presented in this report was gathered
and evaluated. Aftaer evaluation of this data, the following conclusions
were drawn:

lead stearate is not a military unique chemical
= the civilian production is >1 million 1lb/year

= lead stearate is used for a variety of purposes in the civilian
community which leads to widespread pollution

= the Army's use of this compound is sporadic and any future
use is uncertain

= although lead stearate is toxic to mammals, it is probably
relatively non-toxic to aquatic organisms; however, it could
be bioaccumulated.

As a result of this preliminary problem definition study, it is ccncluded
that toxicological and environmental evaluations of this compound are

a civilian problem. Thus, further studies on this compound by the Army
should be a low priority.
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SUMMARY

Lead resorcylate was developad in 1965 by NL Industries. Information
on this compound is non-existent in the literature. There are no reported
civilian uses of lead resorcylate. Thus it appears that the Army's propellant
manufacture accounts for all civilian production of this compound.

Lead resorcylate is a military unique chemical. TFurther studies on this
compound by the Army are recommanded. These studies should include

~ A Phase II detailed toxicological and environmental
svaluation

- Determination of some of the physical and chemical
properties of this compound if they can not be
obtainad from the manufacturer

« Sampling and analysis of sediment and biota at
Radford AAP to determina the amount of accumulation

- Aquatic toxicity and bloaccumulation studies if the
Phase II study indicates the need for this ressarch -

= Mammalian skin toxicity studies.

WY TR L e
wm'f'x.»nmm..;l ot snn o

L\ e Ay e T

L e TS A AT

e P




FOREWORD

This report details the résults of a preliminary problem definition
study on lead resorcylats. The purpose of this study was to determine the
Army's responsibility for condugting further research on lead resorcylate in
order to determine its toxicological and environmental hazards so that
effluent atandards can be recommended, In order to determine the Army's re~
sponsibility for further work on lead resorcylate, the military and civilian
usage and pollution of thig chemical ware svaluated. 1In addition, a pra-
limivery overviow of toxicolcgical and environmental hazards was conducted,

Lead resorcylate was only one of the 48 chemicals evaluated under Phase
IA of contract No. DAMD1L7-77-C-7057, Thase chemicales are grouped in four
categories

explosives related chemicals
propellant related chemicals
pyrtotechnics

primers and tracers

,

Each category is a major report. Section I of each raport is an oy‘rvinv of

-the military processes which use each chemical and the pollution resulting

from the use of these chemicals. The problem definition study reports on
sach chemical are weparable sections of these four reports.

In addition a genaral methodology report was alsv preparad. This report
describes the search strategy and evaluation methodology utilized for
thio study.
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1, General Reactions

) XI. LEAD RESORCYLATE
;!; A. Alternate Names
. Lead resorcyiate is a metallic soap formed from divalent lead and resorcylic
' acid, Coun « The molecular formula of this compound is C,;H50, xFb.
OH ;
o l
Pertinent alternate names for lead resurcylate are listed below: .
CAS Registry No.: 20936-32~7 |
CA Mame (9CI): Benzoic acid, 2,4=-dihydroxry, :
lead 221t
: CA Name (8CI): beta-rcsorcylic acid, lead salt
: Synonyms : Lead beta-rogorcylate; Lead 2,4~dihy-
e droxybenzoate
B CAS Registry No.!: 41453=51~4
ey . Molecular Formula: CyH,404Pb
' CA Name (9CI): Benzoic acid, 2,4-dihydroxy, ! E
y © lead(2+) salt(l:l) g
. Synonyms 2,4~d1hydroxybenzoatolead (I1) p
i . CAS Registry No,: 41453-50-3 3
il Molecular Formula: CoH504°1/2 Pb ;
L CA Name (9CI): Benzoic acid, 2,4-dihydroxy, g
] lead (2+) salt (2:1) ]
' Synonyms Bis(2,4~dihydroxybenzoate)lead (11) ;
& R. Physical Properties 2
f Lead resorcylate was first synthesized in 1965 by NL Industries. No §
g litaerature on its physical properties is available. :
; { C. Chemical Properties ]

1. Detailed investigations ‘nto the chemical behavior of lead reso:r-
i cylata have not been ieportad in the litarature. Lead resorcylate is

: 8lightly soluble in water. As with lead stearate and lead salicylate,
step-wise hvdrolyris 1s expected to occur

Pb(CyHs04) T PH(C H504)™ + HOOC-CeHy(OH), = Pb™ + HOOC-Cgliy(OH) 5
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4
S - L KT - - ,.L
U8 S ennd e meudeia g el 2 i s S S TP PR PRSP RV ITCUG S VY i " ;u




This hydrolysis ani the solubility of lead resorcylate should increase as the
pH decreases, .n sclution of high pH, lead resorcylate would be expected to

form soluble basic salta. These rveactions wiil occur in the environment de-

: pending ~n the couditions encountered.

I’

[

f

§

i

a . 2, Sampling and Analysis

i Quantitative analysis of organolead compounds may be accouiplished

f by removing the organic constituent by oxidation, The resulting lead oxide
may be determined by atomic absorptisn. Lead may also be determined color=

imetrically with dichizone. The rad lead dithizonete is quantitated by

absorption at 520 nm {Franson, 1975).

E o Uses in Army Munitions

1. Purposes

Lead resorcylate is used in the production of double base propellants
made by both solvent and solventlegs processss, It is specified in the
following formulatiomns:

% lead rescrcylate in formulation

ARP casting powder 3.0 ¥ 0.25
PNJ casting powder 2,93

PNJ for TOW 1.93

N-14 2,5
NOSIH-AA-2 0.5
NOSIH-AA-6 0.3
NOSIH=-AM-2 2.5

N=-12 2.0

Lead resorcylate has been used in the past by Badger AAP and Sunflower AAP, l |
Current use in propellant formulations 1s limited to Radford AAP, however. vl ]

2. Quantities Used
'R Historical Use E %

> Radford AAP has purchased an average of 45,000 1lb/year )

of lead resorcylate over the period 1968~1977, Propellant production rates ’ |
account for 7,060 lb/year of this amount, or about 16%. About 75% of the . 4
lead resorcylate in propellants was used for the PNJ and NOSIH-’A=6 ]
formulations. The lead resorcylate which is not accounted for in propellants ) ;
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{+84%) was sent to other facilities, or in some cases returned to the ]
vendor., The speclfic amounts of this lead compound purchased by Radford
AAP duting 1968-1977 are listed below (Watts, 1978):

S

1958 1969 1970 1971 1972 1973 1974 1975 1976 1977 5
189,300 149,521 398 692 14,355 30,934 24,034 12,620 23,337 5,256 iﬁ
4
b. Current Use E
During 1977 an average of about 670 lb/month of lead resor- b
tylate was used at Radford AAP, However, use of this chemical js sporadic, .
In December 1977, about 3000 1b were used in the producticn of 100,000 1lb of %
ARP casting powder, or about 430% of the average rate, E
1

¢. Use at Full Mobilization
The full mobilization use rate of lead resorcylate at Radford %
ia approximately 3000 lb/month, l

3. Documented or Speculated Occurrences in Alr or Water
L1}

The ectual concentration of lead resorcylate in wasts otreams rfrow
propellant manufacture has not been determined. The use of laad resorcylate
tends to be sporadic, so, much of the time, none is being discharged. When
lead resorcylate is¢ in use, losses would be expected from chemical preparation
operctions and from solvent processing uperations, This operation could lead
to losses of 3~10% of the amount handled, or 90 to 300 lb/month at the
December 1977 uee rate, These amounts are aleo characteristic of full
wobilization use rates, It is probable that ~1/2 of all the lead resorcylate
lost will appesr in effluent srtreams which ultimately reach the New Rivar,

P P

E. Uses in the Civiliaan Commuaity

1, Production Methodolougy

Lead reaorcylate is produced by the reacticn of litharge (yellow)
lead lxide) snd ragorecvlic acid (NL Industries, 1978). The product is a
mixzure of the mono and dibasic salts:

CONY coo "

“d OH OH
PO+ 2 | Y H20 + Pb «+
S

SN

(m on

"3

dibasic moaobasic




The precipitate is filteted and the reaction medium recycled to reclaim

dissolved material. The lead resorcylate is washed, then dried under

dust collection, Figure XI-1 is a flow diagram of the process. '
2.  Manufacturers, Prnduction, and Capacity

The manufacturers of lead rasorcylate are listed below {5.R.I, 1977): §l

Table XI-1, Manufacturers of Lead Resoicylate.

Shepherd Chemical Co. Cincinnati, OH l
NL Industries Oakland, CA; Philadelphia, PA

"ol Nng?ductricl also ranufactures monobasic lead resurcylate (NL Industries,
e ¥ 1978).

R Historical production figurer, plant capacities, and details of

”;. the prcduction process are unavailable due to their proprietary nature.
gl 3.  Usages '{

1 éi Theve are no reported civilian uses for lead resorcylate. ‘
jg 4, Future Trends ‘

.fé No civilian applications for lead resorcylate are anticipated. _[

‘f%i 5. Documented or Speculated Occurrences in the Environment

ii' No environmental occurrences of lead resorcylate from the manu- :
é‘ facturing processes have been reported, 3
; F. Comparison of Civilian and Milicary Uses and Pollution of Lead Resorcylate !

i Laad resorcylate is a metallic soap which is nut used by the civilian
“« 4 community to any great extent. From the limited information obtained,
B the major and possibly the sole use of lead resorcylate is in propellants.
U The Avmy Ammunicion plants (Radford, and Badger and Sunflower when operating) |
o are tha main polluters of this chemical. Tha pollution from lead resorcylate '
- is minor comparaed to the total amount of lead entering the environment
R each year. However, this lead compound combined with lead stearate, lead
K salicylate and posuibly other lead compounda could have a significant effect

‘? on Lhe aquatlc system at these Army Ammuntion Plants.

. “284= (X1-12) o



-23e[£>1053y pea] jo 2Injdeynuey °-T-IX 2314
anyv
FIDAIAY MNIADHOSIY

AHO

- HSVM |je—{NOLLVHLTId}e-

(X1=-13)

~285-

Py ST YL | PO T



G. Toxicological and Environmental Hazards

l, Toxicity to Mammals

No data has been uncovared in the literature on the mammalian
toxicity of lead resorcylate.

2. Aquatic Toxicity

No research has been conducted t> determine the toxicity of lead
resorcylats to aquatic organisms. Cairns and Dickson (1971) found the
toxicity of a similar organo-lead compound to be low.

Lead resorcylate is probably degraded partially in the waste
traatment effluant. However, the ability of microorganisms to degrade
lead resorcylate has not been determined., The bioconcentration of lead
is usually low, but organo-lead compounds could be accumulated in a similar
manner as methyl-mercury,

At full mobilization, as much as 150 1b of lead rusorcylate per
month could enter the New River from Radford AAP, Due to the low solubility
of lead resorcylate, most of this compound will be found in the sediment.

Weltzel et al.(1976) found lead levels in New River water between
1-2 ppb; lead levels in the sediment averaged over 100 ppm. From Weitzel's
study, it is obvious that the sediment acts as a sink for lead. The long
term effect of the accumulation of lead compounds in the sedimant '0f New
River could be an increased toxicity of the sediment to aquatic organisms.

3. Toxicity to Microorganisms and Invertsbrates

No spacific toxicity studies of lead resorcylate with nicroorganisms
or invertebrates ware reported in the literature.

4. Phytotoxicity

No phytotoxic information on laad resorcylate was encountered.
However, phytotoxic data on lead was obtained and may bs indirectly
related, :

The pattern of lead uptake by plants has bssn rarely studied and
1ittle can be concluded about the mechanism involved. The uptake of lead
was reporied constant with increasing levels of soil laad, until a certain

point is reached vhen uptake becomes unrestricted and rises abruptly (Nicolls

et al., 1965).

Only soluble laad salts and icnic lead are available to plant
roots. The uptake of lead by ryegrass grown in a solution containing lead

-286~ (X1-14)

L T T R P ST SRR T T £ W T S Y SR TR A VI AT PR R L




Table XI-2, Lead Uptake by Perennial Rysgrass Grown
in Solution=Culture (Heppls, 1972).

Pb content of plants at 14 days after
addition to solution

. Level of Pb
added to solution Roots Shoots
(ppm) (ug) (ppm) (ug) (ppm) (us)
Qe 400 98 201 3 »
1.0¢ 12500 3696 9610 104 1055

* In 1 liter of static solution-culture; controlled environment
experiment. 4

+ In 12.5 liter of flowing solution-culture; glass-house experiment.
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is shown in Table XI-2 (llcpple, 1972)., The total content of lead in roots
plus shoots of perennial ryegrass increases with increasing levels in the
soll. The roots take up lead readily but pass on only a small proportion

to the shoota. Thus, the roots act &s a barrier which restricts the move-
nent of lead salt through the plant to growing animals, During winter

months vhen plant growth is low, a considerable increase in the lead
contants of the rysgrass shocots was observed. An 8-fold increase in total
lead content of a soil did not cause any significant increase in the lead
content of bromegrass grown on the s0il in a greenhouse (Motto et al., 1970).

Corn was grown in the field whare lead acetata had baen soil-applied
at eight rates ranging from 0 to 3,200 kg lead/ ha. No changes in emergencs,
plant height, grain yield, color, maturity or other growth differances wers
cbserved during the 2-yaar study (Baumhardt and Welch, 1972),

Five crops (cauliflower, tomatoes, cabbage, strawberries and
valencia oranges) were analyzed for their lead content by Schuck and Locke
(1970). These plants revealad little inclinations to absorb lead via their
root aystem (Schuck and Locka, 1870).

5. Availability of Literature for Phase II

No published U.S. literature on lead resorcylate was found., Data on
this compound would have to come from_the manufacturers f£iles.

H. Regulations and Standards
1. Air and Water Standards

There are no air and water standards apecific for lead resorcylats.
Howaver criteria have been sat for lead in potable and effluents (EPA, 1976).
For potable water the lead content can be no greater than 30 ug/l, Due to
the variability of lead solubility and toxicity in different waters, the
following critarion has been set for effluents (using the receiving water
as a diluent),

= 0.01 times the 96-hour LCS0 value expressed as dissolved
lead for the most sensitive species.

This criterion requires that 96~hour LC50 test be performed with the actual
water samples and the most sensitive spacies in the local ecosystem.

2, Human Exposure Standards
No specific standards for lead resorcylate hava been set for
occupational exposure to this chemical. However, a critoria documant has

recommended an air standard of 150 ug(Pb)/m3 for lead stearute (NIOSH, 1977).
A similar TLV for lead resorcylate should afford workers adequate protectinn.

-288- (X1-16)
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I. Conclusions and Recommendations

Very little information was uncovered on lead resorcylate. This infor-
mation lies in the files of ths manufacturer. However, it appears that lead
resorcylate is used solely by the Army in propellant manufacture. It is
thus recommended that this compound be included in the Phase II study. In-
cluded in this effort should be a visit to the manufacturer and discussion
with the parsonnel who worked on this compound. In addition,it is recommended
that the following studies be initiated by the Army

~ deternination of some of the physical and chemical proparties
of this compound if they can not bs obtainad from the manufacturer.

« sampling and analysis of sediment and biota at Radford AAP to
deternine the amount of accumulation of lead resorcylate

- mammalian skin toxicity studies

- aquatic toxicity and bioaccumulation studies if the Phase II
study indicates the need for this research.
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avg
BAAP
BOD
BODS
B.P,
Bu

CA
CH90
8Ct
9CI
cm”™

coc
CoD
Cp

DBP
DEHP

List of Abbreviations

at

Army Ammunition Plant

average

Badger Army Ammunition Plant
Biological Oxygen Demand

5 day Biological Oxygen Demand
Boiling I 1t

Butyl

Degrees Centigrade

Chemical Abstracts Service
Formaldehyde

8th Centenniel Index

9th Centenniel Index

Wave Number

Carbon Dioxide

Cleveland Open Cup

Chemical Oxygen Damand

Heat Capacitv at Constant Pressure
Density

n-dibutyl Phthalate
Disethylhexyl Phthalate

Heat

n=diethyl Phthalate
Dinitrotoluene

Dioctyl Phthalate

Electrophile

Concentration Required to Effect 50% of the Expossd Population
Environmental Protection Agency
Ethyl

Ethanol

Grams

Gas Chromatography

Gallons per Day

Hydrogen Ion

Hydrogen

Hectare

Hydrochloric Acid
1,3,5,7-tetranitro~1,3,5,7-tetrazacyclooctane
Nitrous Acid

Nitric Acid

Water

Sulfuric Acid

Light Energy

Indiana Army Ammunition Plant
Infrared

Kilogram

Kilogallons per Day

Louisiana Army Ammunition Plant

PRSI
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List of Abbreviatioas (Continued)

Load, Assembly and Pack

Pounds

Concentration Required to Kill 50% of the Exposed Population
Dose Required to Kill 50% of the Exposed Population
Wavelength of an Absorption Maxima

Million Gallona per Day

Milligrams per Liter

Milligrams par Cubic Mater

Month

Melting Point

Millimicron

Sodium Chloride

Sodium Carbonate

Sodium Nitrite

Sodium Hydroxide

Refractive Index

Nanogram

Nanograms ner Cubic Meter

Amnmonia

Ammonium Chloride

Nanometer

Number

Palladium

Percent

Negative Log of the Hydrogen lon Concentration
Parts per Billion

Parts per Million

Platinum

Alkyl Group

Aliphatic Alcohol

Sunflower Army Ammunition Plant

Antimony Pentachloride

Total Carbon

Lowest Dose for Which an Effect was Observed in the Exposed
Population

Threshold Limit Value

Total Organic Carbon

Total Suspsnded Solid

Volume

Zinc Chloride
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